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Interoffice Memo
(/% WestGas™

Western Gas Supply Company Date Dec. 1. 1987

To Jim Gerritv, Supervisor Office Funtio'ns

From Bill Uding, Supervisor Resv. & Storage Eng.

Attn.

Sub j . L & U from Storage Fields

The Reservoir and Storage Engineering Unit has completed its 
annual review of storage field gas in storage inventories and 
reports the following:

Roundup
L & U = 8900 Mcf @ 14.73 Psia. This loss occurred during 

the drilling, completion, and testing of the new well, #28, and 
during workovers on wells #24 and #18.

Asburv and Fruita
No change in volumes of gas in storage for these fields.

Leyden
A volumetric analysis of Leyden did not conclusively 

indictate lost gas.' The data is under further review at this 
time. In the event that a determination shows lost gas, the 
volumes will be reported in 1988.

If you have any questions regarding this information, please 
call me on 572-4151.

0>JU

Bill Uding

FORM 798-22-4832 psc 039665

.' I 

i 
Interoffice Memo 

· ~ WestGas™ 
Westem Gas Supply Company 

.··· .·. 

Date Dec. 1, •987 

To ___ ~J=i=m;_.;;G~e=r~r;;;...:;;ai~t_y_, ___ --"s~u=psa..-e=r~v~i~s~o=r~=O=f=f~i~c=e~~F=u=n~t=i~·o~·=n=s ______ _ 

Frorn_-"B~i=l~l~~U~d=i=n=g___._, ___ ~S=u·p~e~r~v~i=·=s=o=r---"R~e=s~v~.--"&;;._:S~t=•=O=r~a=cr~e~=E~n~a~.~----

Attn. _______________________________ _ 

Subj. L & U from Storacre Fields 

The Reservoir and Storage Engineering Unit has completed its 
annual review of storage field gas in storage inventories and 
reports the following: 

Roundup 
L & U = 8900 Mcf@ 14.73 Psia. This loss occurred during 

the drilling, completion, and testing of the new well, #28, and 
during workovers on wells #24 and #18. 

Asbury and Fru;ta 
No change in volumes of gas in storage for these fields. 

Levden 
A volumetric analysis of Leyden did not conclusively 

indictate lost gas. The data is under further review at this 
time. In the event that a determination shows lost gas, the 
volumes will be reported in 1988. 

If you have any questions regarding this information, please 
call me on 572-4151. 

Bill Uding 

FORM 798-22-4892 pSC 039665 
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Leyden Pound Say

Pound .Pound lotai Total Total
Pound Days Days Pound Pound Days fl'UsMJ L* o I13

Sate Pressure Cons ton v Days High Lou Days
High '

L O W

09/01/85 160.7 192 -31.3 V1 -31.3
160.8 192 -31.2 0 -31.2
160.9 Hi -31.1 V -31.1
160.6 192 -31.6 0 -31.6
160.8 192 -31.2 0 -31.2
160.7 • Ani 71 -31.3 0 ■M T 

"■>1.0

160.7 192 -31.3 0 -31.3
160.8 192 -31.2 0 -31.2
160.8 192 -31.2 0 -31.2
160.8 192 -31.2 0 -31.2
160.8 tOTL / L -31.2 0 -31.2
160.9 192 -31.1 0 -31.1
160.8 192 -31.2 AV -31.2
160.8 192 -31.2 0 -31.2
160.9 192 -31.1 0 -31.1
160.9 192- -31.1 ;0 -31.1 - -
160.9 192 ‘ -31.1 0 -31.1
160.S 192 -31.2 y -31.2 •
160.7 ICTi l L -31.3 0 -31.3
160.8 m -31.2 0 -31.2
160.8 too

III -31.2 y -31.2
160.8 ill -31.2 • 0. -31.2
160.8 10rl

ill -31.2 0 -31.2
160.7 j DO -31.3 0 -31.3
160.7 192 -31.3 Au -31.3
160.8 •. ft A1 71

.11 ri
. L 0 -31.2

160.9 192 -31.1 V -31.1
160.9 l ll -31.1 A -31.1
160.3 192 -31.2 0 -31.2
160.8 192 -31.2 0 -31.2 -9316.1 0 -936.

10/01/85 160.3
165.9

!OTIII

192
-31.2
-26.1

0
0

-7i n
-Mil— ^

170 192 -22 0 -22
376.3 192 -17.7 V -17.7
177.2 4 AAill -16.3 0 -16.8

183 \ An1 / L -9 9 -9
136 1 7 i -6 v‘ -6

189.6 i O')X i L -2.6 Ej -2.6
192.7 ill 0.7 0.7 0
196.1 192 6.1 4. I 0
199.9 192 7.9 1 n / » / 0
202.6 192 10.6 10.6 0
207.2 192 15.2 15.2 0
209.7 17 il 17.7 17.7 0
212.9 192 20.9 20.9 0
216.2 192 26.2 f) i n 0
219.6 1001 i l 27.6 27.6 0
222.6 1 *71 30.6 30.6 0

PSC 039672

Leyden Pound Days 

Pourid t'OLIFld Total T oia 1 Tntal 
Pound Da~s Ddys f•o1rnd Pound [)ay; Pnun~ novs 

Dat~ f·;essure Cor:~-t.ar1t Da~!; nigh Loil o~~s High Lni-i 

OS'/Oii85 160.7 
,,,,,.._ 

-31. 3 0 
, . ., 

!1L -,;1, J 

160.8 1 s·2 - l' 'l ~LL 0 -31.2 
160. 9 172 -31.1 fa -31.1 V 

160.6 !C''l IL -31.~ 0 -31. 4 
160 .8 p, -31. 2 0 -3i.2 
160.7 1 }'2 -31. 3 0 

,. ., 
-.,1,J 

160.7 192 -31.3 0 -31.3 
160.8 'n? 11~ -31.2 0 -31.2 
160.8 192 -31.2 0 -31.2 
160.8 192 -31. 2 0 -31.2 
160.8 IM -31.2 0 -31.2 J. I'-

160.9 gv, .,, -31.1 0 -3i.1 
160.8 1 ()·j 

!L -31.2 C -31.2 
160.8 192 -31.2 0 -3i.2 
1&0.9 192 -31.1 t• , -31. 1 
1~0.9 1 r,i-; -

JiL -31.1 0 -31.1 
160.9 192 -31.1 0 -31.1 
160.S jM 

.IL -31. 2 u -31.2 
i60.7 10-1 -31.3 r-, -31. 3 J /" 

,, 
160.8 192 -3_1. 2 0 - ;• ? .,,1 .... 

160.8 1?2 -31.2 V -31._2 
160.8 • r.:-. -31. 2 Q -31. 2 li"L 

160 .8 i92 -31. 2 A -31. 2 V 

i60.7 192 -31. 3 0 -31,3 
16(1, 7 i92 -31. 3 r, -31. 3 V 

160.8 ~ nr: -31.2 0 -31. 2 J ;.:: 

160.9 1 ~-1 -31. i t. -31. i 1;,:_ .. 
160.9 192 -31.1 Q -31.1 
160.8 1 n .,, " -JJ ,,: v -31. 2 
160.S 1 }'2 -31.2 0 -31.2 -S":!.6 .1 f! -936 .1 .., 

10/01/85 160.8 ! 0!'} -31. 2 Q -31.2~ . . {\ -
l/~ 

VV""-- 25'" tt-J,):1...__, 
165.9 1S12 -26.1 0 -26 .1 

170 192 -22 0 -22 
174. 3 192 -17.7 0 -17.7 
177. 2 192 -14.8 0 -H.8 

183 i (;'! -9 (l -9 i IL 

186 I l' • .I"!; -6 .~ -6 1"1L \I 

189.4 i Q'1 -2,6 0 -2.6 .LI~ 

192.7 192 0.7 0.7 0 
196.1 1~2 4.1 u 0 
199.9 ~ ,-:1 7.9 1 0 0 li~ I•! 

202.~ 1Y2 10.4 10.4 0 
207.2 i92 15.2 'C n 

lJ.l 0 
209.7 1 C'l ii. 17.7 17.7 0 
212.9 i :12 20.9 20. 0 
216.2 1 M 24.2 n1 0 .'L. L~ • 

219. 4 ,:;r, 27. 4 7. 0 ;:., 

222.4 5:2 30.4 0. 0 
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/vi/85

i

4

)0

It

224.7 192 32.7 32.7
222.2 192 37.2 37.2
231.5 192 39.5 39.5
233.8 192 41.8 41.0
235.4 142 43.4 43.4
235.9 192 43,9 43.9
234.5 192 44.5 44.5
237.1 192 45.! 45.;
233. i 192 48.1 46.1
238.8 192 46.8 46.8
241.1 192 49.1 49.1
243.4 192 51.4 51.4
245.7 192 53.7 53.7
247.2 192 55.2 55.2

— 246.7 192 54.7 54.7
- 246 * 1 m 54.1 54.1
- 245.5 192 53.5 53.5
- 245.0 192 53.8 53.6
-244.9 192 52.9 52'. 9
- 244 192 52 52

-243,9 192 51.9 51.9
• 243.7 192 51.7 51.7
-•243.5 192 51.5 51.5

- -243.3 192 ' 51.3 51.3.
•242 192 50 5ft

- 241.fi' 192 49.6 49.8
-245- 192 53 53

—=249.3 192 57.3 57.3
248V8( 192 56.8 56.3
248.4 192 56.4 56.4
248.1 192 58.1 55.1

^ 247.3 192 55.3 55.3
248.9 192 54.9 54.9
246.6 192 54.6 54.8
244.2 192 54.2 54.2

—'245.? 192 53.9 53.9
245.7 192' 53.7 53.7
245.4 192 53.4 53.4

245 192 53 53
^244.8 192 52.8 52.8

244.6 192 52.6 52.8
244.4 192 52.4 52.4
244.2 192 52.2 52.2

o
•ft
ft
0
0
0
s
V

v

V

V

*5Ui>‘4U ... J3U 

PM -
V 
0 
0
0
ft
0
0
0
y

6
0
ft
0
0
0
ft
0
ft
ft
0
ft

ft
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Leyden Pound Days

Pound
Pound Days

Date Pressure Constant Days high

12/01/85 244 ton
1 / £. 52 52

^ 243.8 192 r< oJ l » V 51.8
243.5 192 51.5 51.5
243.2 182 51.2 51.2
242.9 192 50.9 50.9
242.8 192 50.8 50.8

- ^ 24-2.8 
90 242.8

192 50.8 50.8
192 50. B 50.8

242.8 192 50.8 50.8
242.3 192 50.3 50.3
242.1 192 50.3 50.1

0° 241.9
192 50 50
192 49.8 48.9

241.6 182 48.6 - 48.6
241.4 192 49.4 49.4
241.1 182 49.1 48.1

.^-241.2
35 2«1

192 49.2 49.2
192 49 49

240.9 192 48.8' 48.9
240.8 392 48.8 48.8
240.7 192 48.7 48.7

//M40.6
240.5

192
192

48.6
4o.5

48.6
48.5

240.3 192 48.3 48.3
’ 240 192 48 48
239.8 192 47.8 47.8
238.9 

^ 239.8
192 47.9 47.9
392 47.8 47.8

239.7 192 47.7 47.7
239.6 392 47.6 47.6
239.4 192 47.4 47.4

01/01/86 ^239.3 192 47.3 47.3
239.2 192 47.2 47.2

• 2-39.2 192 47.2 47.2
239.1 192 47.1 47.1
238.1 i 92 47.1 47.1

238.6
182 47 47
192 46.6 46.6

238.5 192 46.5 46.5
238.6 192 46.6 46.6
238.5 192 so • a 46.5

192
192

46.5

! f t So.l
46.5
46.4

238.4' 192 46.4 46.4
238.3 192 46.3 46.3
238.3' 192 46.3 46.3

• fe6-238.i 192 46.1 <6.1V 238.
182 46 46

Pound Total Total Total
Days Pound Pound Days Pound Days

Lou oays High Lou

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0 1533.2 1533.2
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0
0 '
0

PSC 039674

Leyden Pound Days 

Pound Pound Total Total Total 
f'ou11d Daus Days f•our1 d Pound Days f:ound Oiys 

Date Pressure Constant. Da~s tigh Lo11 Diiy; High Low 

i 2/01/85 2H l'J'l C·J 52 v 11 ~ .J~ 

O /243.8 192 C"~ n 51.8 0 ,J!. ,, 

~ 243.5 192 51.5 51.5 0 
2U.2 192 51. 2 51. 2 0 
2·42. 9 192 50.9 50.9 0 
2~2.8 i 92 50.8 50.B 0 

..,,, 24·2.8 i92 50.8 so.a 0 
":}--? 242.8 ! 92 50. 8 50.S 0 

242 .8 192 50.8 50.8 0 
H2.3 192 50.3 50.3 0 
242.1 192 50.1 50.1 0 

~ 
....-2U 192 50 50 0 
241.9 192 ~9.9 49.9 0 
2~1. 6 192 ~9.6 49.6 0 
2H .4 i92 H.4 49.4 0 
241. 1 192 ~9.1 49.1 0 

5 .,-241.2 192 H.2 49.2 0 
3 241 192 49 49 0 

240. 9 192 ~s. r 48.9 0 
240.8 192 ~8.8 48.8 0 
240.7 192 ~8.7 48.7 0 

tj!)--240.6 192 ~8.6 48.6 0 
24-0.5 i 92 , ,-, C' 48.5 0 ~C•, .._1 

2~0.3 l nr, .h 43.3 48.3 0 
' 240 192 48 48 0 
239.8 i92 u.s 47.8 0 

tfS ..--239. 9 in U.9 ~7.9 0 
2H.8 .. ,,,; n.B 47.8 (I 11, 

239. 7 192 O.i 47.7 0 
239.6 1 S'2 0.6 n.6 0 
239.4 in 0.4 47.4 0 1533.2 1533. 2 0 

01/01/86 ....,.....239.3 i92 47.3 47.3 0 
!/) 239.2 192 ~7.2 47.2 0 

2-39. 2 192 47.2 U.2 0 
239.1 •nj 

!7~ -0.! 47.1 0 
239.1 jn'i 1, 47. l 47.1 0 

e:P 239 192 ~7 47 0 
55 238.6 i92 46.6 H.6 0 

238 .5 !92 I, r 
iO,,J 46.5 0 

238.6 1 S'2 H.6 46.6 0 
238. 5 192 H.5 46.5 0 

lcJ)d3B.5 192 46. 5 46.5 0 
238.4 192 ~l.4 46.4 0 
238.f 192 46. 4 46.4 0 
238.J 192 46.3 46.3 0 
238. 3· , r,,, 

ll.:. 46.3 46.3 0 
/f>-238. i 192 H.i 46. i 0 

238. 192 H H (J 

PSC 039674 



237.9 192 45.9 . 45.9
237.9 192 45.9 45.9
237.8 192 45.8 45.8
237.7 192 45.7 45.7

7° 237.6
192 45.6 45.6

237.£ 192 45.6 45.6
237.5 192 45.5 45.5
237.4 192 45.4 45.4

.£^237.2 192 45.2 45.2
^ ■ 237.i 192 45.1 45.1

237 192 45 45
mj 192 44.7 44.7
236.7 192 44.7 44.7

«a ^34-5 192 44.5 44.5
02/01/66 cm 236.4 192 44.4 44.4

236.4 192 44.4 44.4
236.3 192 44.3 44.3
236.2 192 44.2 44.2

^r^2 36 192 44 44*0 235.9
192 43.9 43.9

235.6 192 43.6 43.6
. 235.B 192 43.0 43.6
' 235.8 ,192 43.3 43.8

£?7) ^2'35.6 192 43.6 43.6
235.5 192 43.5 43.5
235.4 192 43.4 43.4
235.5 192 43.5 43.5
235.4 192 43.4 43.4

^<^35.4 192 43.4 43.4
^ 235.3 192 43.3 43.3

235.2 192 43.2 43.2
192 43.1 43.1

2 35.2^" 192 43.2 43.2
192 39.8 39.61 (j) m.k
192 28.4 26.4

' 210.7 192 IB.7 16.7
203.5 192 11.5 11.5
195.9 192 3.9 3.9
192.2 192 0.2 0.2
189.6 192 -2.4 0

ij. 167.9 192 -4.1 0
164.4 192 -7.6 0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
s
0
0
0
0
o'
0
0
0
0
0

Cl

0
0
0
0

-2.4
-u
-/,£ 9!6.o 932.9 -14.1

PSC 039675

'111 
l.'-'I • 

i.J/ I 

'11"1 C' ,..,, • J 

237.4 
r1r ~23?.2 
·/~ 23i.1 

236·. 7 
l'\'71 .,_ 
iJO,/ 

<ii\ ~236.5 
02/0i/86 ~ 216.4 

\ ; 
\· i • 

I\!! I 
fJ0,1 

23l1 .3 
')7, 1j 
'-..J(l I l. 

-17~ :1 
liii.1,0 

-ai)A3-5.B 
- I j 235. 5 

2·35. 5 
2-35.4 

235.2 

192. 2 
1 ss·. t, 
187. 9 
184.~ 

1,;-; ,,. 
192 
192 

192 
192 

192 
192 
11'2 
i92 
112 
i92 
192 
192 
i92 
192 
i92 
.192 
192 
i 0:") 
.a. J ... 

1 ~12 
i92 

10·1 
!.ii,. 

192 
192 

" ,7 
C, ., 

. 8 

. i 
45.6 
~5.6 
I~ c_, ~ 
7V ■ J 

~5. 4 

45.1 
l'=. , ._, 

44.7 

r; 
• 7 

.Y 
,8 

i ., 
45.6 
~5.6 
~5.5 
45.4 
45.2 
45.1 

IC' 
'iJ 

4~.7 

I I ;: ; i C' .,,,J 'Pi I .. t 

44.4 4¾.4 
44,~ 44.4 
~4.3 
ll, '.i 

44 
43.9 
43.B 
43.8 
43. 
43. 
!.1 ,v, 
,, 
itJ, 

43. 
~3. 

18. 
11. 

7 
•'. 
' V • 

i. l 1 
,, • ,j 

! i 'j 
1~ ... 

43.9 
43.S 
43.B 
43.3 
43.S 

;'1 A .,, . 
;; C' 
'iJ ,,..I 

43.4 
43.4 
~3.3 
i.1 r; ,~ .... 
43 .1 

23.4 
,n, 
lti, I 

11.5 
1 (\ 
i.'1! 

192 -2. 
0.2 

0 
0 192 -~-

192 
_, ,. 

0 
0 
0 

V 

0 

0 
0 
0 

0 

,, 
\I 

0 
i\ 
V 

i) 

0 
0 
0 

f: ., 

0 
0 

0 

1~27.7 1427.7 (•, 
v 

-14.1 

PSC 039675 



Leyden Pound Says

Pound Pound Total Total Total
Pound Days • Days r'ound Pound Days Pound Days

Date Pressure Constant Days High Lou Days Pi i gh Low

03/01/86 180.9 192 -11.1 0 -11.1
» 179.1 192 -12.9 0 -12.9

174.9 192 -17.1 0 -17.5
172.9 192 -19.1 0 -1-9.1
170.7 192 -21.3 0 -21.3
167.8 192 -24.2 0 -24.2
166.8 192 -27.2 0 -27.2
162.9 192 -29.1 0 -29.1
161.4 192 -30.6 0 -30.6
157.6 192 -34.4 s -34.4
154.1 192 -37.9 0 -37.9
150.9 192 -41.1 0 -41.1

147 192 -45 0 -45 <//>
145.1 192 -46.9 (1 -46.9

/142.8
139.9

192
192

-49.2
-52.1

0
ftV

-49.2
-52.3 ^P/

136.7 192 -55.3. 0 -55.3
133.9 :!?2 ■ -58.1 - 0 -58;1 ‘ -

130 192 -62 0 -62
129 192 -63 0 -63

126.4 ’ 192 -65.6 0 -65.6
121.9 192 -70.1 0 -70.1
125.9 122 -66.1 0 -66.1
119.4 192 -72.6 0 -72.6
117.2 192 -74.8 0 -74.8

115 192 -77 0 -77
112.5 192 -79.5 0 -79.5
109.7 192 -82.3 0 -82.3
■104.9 192 -85.1 0 -85,1
104.6/

1 -tot ,-r
192
192

-87.4
-87.2

0
0

-87.4
-87.2 -1585.3 0 „ -3585.3

04/01/86 105.5
107.3'

192
192

-86.5
-84.7

0
(i

108.3 192 -33.7 0 ' -33.7
/-X09.3
J 109.9

192 -82.7 0 -82.7
192 -82.1 0 -82.1

110.7 192 -81.3 0 -81.3
111.2 192 -80.8 0 -80.8
111.7 192 -80.3 0 -80.3

)D ^112.3 
>u 112.8

192 -79.7 0 -79.7
192 -79.2 0 -79.2

113.4 192 -78.6 0 -78.6
113.7 192 -78.3 0 -78.3

1-14 192 -78 0 -78

114.7
192 -77.6 0 -77.6
592 -77.3 0 -77.3

115.1 192 -76.9 0 -76.9
115.4 192 -76.4 0 -76.4

PSC 039676

· Date 

03/01/86 

0~/01/86 

Pressure Constant Oa~s 

180.9 
I 179, 1 

iH.9 
172.9 
170.7 
t 1: n 
!0/,0 

16~.8 
162. 9 
161. 4 
,,...., I 
l. j/ ID 
l['f i 
1-•~, i 

15().9 

145 .1 
I II\ /"l 

l ~L. ti 

139.9 
i36 .7 
133.9 

i3v 
129 

l2b.4 
121.9 
125.9 
!19.4 
117.2 

112.5 
1 us: I 7 
.10b. 9 

107. 3 . 
• fin 7 lvU,.J 

5 .....-f(i9,3 
109 I)' 
110.7 
111.2 
111.7 
1 '~ 3 

I
D/ . .iL, 

112.8 
11.3 I 4 
113. 7 

1-14 
~ 4 I I. t=;/lH,, 

\:.; 114.7 
115 .1 
115.6 

192 -i1.1 
192 
!:1.'1 
iii 

1S'2 
192 
192 
1?2 
192 
192 
192 
192 
192 
192 

: 192 · 
192 
192 
192 
192 
192 

192 
192 
i 92 

192 

15'2 
192 

-12.9 
-17.1 
-is· .1 
-21. 3 
-24.2 

-i:, .Ii 
l.l,i. 

_ "}(t ; 
~,, l ~, . -Jv.o 

-34. 4 
-37.9 
-41.1 

-46.9 
-~9.2 
-52.1 

C!:' -, 
-JJ,J. 

-58.1 · 
-t,2 
fi -c·.:i 

-70.1 
- t. !. 1 

'.I\! ■ .I. 

-74,8 
-77 

"::i C' -;r,J 

-85.1 

_Cj:; 
U/, L 

-86.5 
_Ol. i u, If 

192 -33. 7 
192 -32.7 
1!)") -P"':: ~ 
l/i.. ~H.1 i 

192 -8i.3 
192 -80.3 
192 -80.3 
~ !V'1 _ /(i i 
! i L I ! • I 

192 -79 .2 
iY2 -78.6 
i92 -78.3 
15'2 -7B 
192 -77.6 
, .... 
iL 
C:'l 
"-

Pourid Found 
,. 
va~s · 
11° I r11gn 

f:OiJS 
Low 

\/ -ii.i 
0 
0 
0 
0 
0 
(l 
V 

0 
0 

0 
{l 

0 
0 
0 
i\ 
V 

0 
0 
£, 
ii 

Ci 

{i 

◊ 
0 
0 
,. 
V 

(i 

-1'1 O 
,. ;,,. • I 

-17 .1 

-21.3 
-24.2 

-29.1 
-30.6 
-3~.4 ,.,. ,-. 
-.j; .1 
, .. 

-, l '! 

_ i l ,:, 
'iu • I 

-52 .1 
-55.3 
-ss:1 

!C' ! -oJ ,c, 

-70.1 
fl ~ 

-•~(:. ! 

-72.6 
-74.B 

_:;1 
!J 

-f;2.3 
-35.1 

V . -33.7 
(; 
,; 

0 

r, 
V 
i', 
\1 

0 
0 
0 
c 
0 
0 

_o,.., 1 
Ui. • J 

-82.l 
-Bl. 3 
-80.B 
-8V.3 
-79.7 
- 7{, '1 

11,,:_ 

7n , -,u.u 
-78.3 

-78 
-77.b 
ll • 

-70. 
0 -76. 

Totiil 
Po\ind 

Oa~:s 

Total 
Pownd Da~s 

High 

To al 

,./ 
_,1n/ 
-. '!/ 

PSC 039676 



I

115.7 192 -76.3 0 -76.3
*^416 

<26 114.2
192 -76 0 -76
192 -75.8 0 .it; o

/ U ■ U
116.5 192 -75.5 0 *?r r 

/ v‘ . J
116.7 192 -75.3 0 -75.3

117 192 -75 0 -75
.^iS7.2 192 -74.8 0 -74.8

20 117.4 192 -74.4 0 -74.4
117.8 192 -74.2 0 -74.2

118 192 -74 0 -74
113.2 192 -73.8 0 - / 3.8

>458.5 192 -73.5 0 r.

f o ■ J113.6 192 -73.4 0 -*71 /
/ J < T

113.8 192 -73.2 0 -73.2
11? 192 -73 0 -73

119,2 192 -72. B 0 ~/t.O
-XU19.5

119.7
192 -72.5 0 -72.5
192 -72.3 0 -72.3

119.8 192 -72.2 . 0 _?•*) >) /iii
120.1 192 -71.9 0 -71.9
120.2 192 -71.8 0 -71.8

/A^ 520,4 
qO 120.5

192 -71.6 0 -71.6
192 -71.5 0 -71.5

120.7 192 -71.3 0 -71.3
• 120.8 192 -71.2 ■ 0 -71.2

1-20.9 192 -71.1 - 0 -71.1
1?1-1 

‘rb 121.1
192 -70.9 0 -70.9
192 -70.9 0 -70.9

121.3 192 -70.7 0 -70.7
121,4 192 -70.6 0 -70.6
121.4 192 -70.4 0 “ / v * 0

192 -70.5 0 -70.5
192 -70.3 0 -70.3

121.8 192 -70.2 0 "A •*: -JV>L221.9 192 -70.1 0 -70.1
122 192 -70 0 -70

^^122.1 
CP 122.2

192
192

-69.9
-69.8

0
0

-69.9 
-6V. 8

122.3 192 -69.7 0 -69.7
122.4 192 -69.6 0 -69.6
122.4 192 -69.6 0 -69.6

,422.5 192 -69.5 0 -69.5
iP 122.7 192 • -69.3 0 -69.3

1-22.8 192 -69.2 0 -69.2

PSC 039677

05/01/86 

115.7 
,...--i16 

;26 116.2 
116.5 
1i6', 7 

i17 
/.,:ril7.2 

J.-'J i17. 6 
il7.8 

tiB 

".rn C' 
/110,J 

):> 118-.6 
1 i8.. B 

119 
119-. 2 

~<-119.5 
J,/ 119.7 

119.8 
120.1 
120.2 

I /f'i/ 120, 4 
L-fV 120.5 

120.7 
1·20. 8 
1-20. 9 

Ill~ /12i.1 
"r:J 121.1 

1·21. 3 
1-21.4 
121. 4 

/10~21.5 
?' 1·21.7 

12i.8 
1'21. 9 

1.22 
.._. .,122. ! 
55 1'22.2 

122.3 
''')") i" 1 ....... , 

122. 4 
,/122.5 

(j) 122. 7 
1·22.8 

192 
192 
192 
192 
192 
H2 
192 
192 
192 
192 
192 
192 
192 
192 
192 
1n 
192 
192 
192 
192 
192 
192 
192 
192 
192 
192 
192 
192 
192 
i 92 
192 
192 
192 
i92 
i 92 
)92 
192 
'n'i 
J.7 l 

192 
H2 
192 
192 
192 
192 

-76.3 
-76 

-75.8 
-75.5 
-75.3 

-75 
-7L8 
-74.4 
-74.2 

-74 
-73.8 
-73.5 
-73. 4 
-73.2 

-73 
-72. 8 
-72. 5 
-72. 3 
-72.2 
-71. 9 
-71.8 
-71.6 
-71. 5 
-71. 3 
-71.2 
-71.1 
-70.9 
-70.9 
-70.7 
-70.6 
-70.6 
-70.5 
-70.3 
-70.2 
-70.1 

-70 
-69.9 
-69.8 
-6'1.7 
-t,9. 6 
-6'i' .6 
-t19 .5 
-69.3 
-69.2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-H.3 
-76 

-'~ 0 /V ■ V 

-,r r 
-1 ... ,. J 

-75.3 

-7~.4 
-74.2 

-74 
-73.8 
-73.5 
-73. 4 
-73.2 

-73 
~1\ ,-, 

- Ii., 0 
,'j C" -;~,J 

-72.3 
- 1:; 'l 

J~,L 

-71.9 
-71.8 
-71. 6 
-71.5 
-7i.3 
-71.2 
-71.'1 
-70.9 
-70.9 
-70.7 
-70.6 
-70.b 
-70.5 
-70. 3 
-70.2 
-70. l 

-70 
-69.9 

-69.7 
-69.6 
-69.b 
-b9.5 
-69 .3 
- '0 'l t,,, .. 

-2336.1 

-21S'7 .8 

I, 
\i -2336.1 

PSC 039677 



Leyden Pound Days

Pound Pound
Pound Days Days

Date Pressure Constant Days High Lou

06/01/84 122.8 ICOi / i • n a 0 -69.2
122.? 192 _ro iL'/ . i D -69.1

7^23 192 / A"07 0 -69
Ip 123.1 192 -68.9 0 -63.9
^ 123.2 192 -68.8 0 / a n "oO.O

123.2 192 -68.3 0 -68.8
123.3 192 -68.7 0 -68.7

rt: 6 192 -68.5 0 -63.5
192 -68.4 0 -68.4

123.6 i oni ft -68.4 0 -68.4
123.7 192 -68.3 0 -68.3
123.7 192 -68.3 0 -68.3

192 -68.3 0 -68.3
192 -68.2 0 -68.2

123.9 192 -68.1 0 -68.1
124 192 -68 O' -68

123.1 192 -68.9 0 -68.9
tA2 3.7 ^6 124.3 192

fCTi / L

-68.3
-67.7

0
0

-68.3
-67.7

6 100X t L -67.7 0 -67.7
124.3 192 -67.7 0 -67.7
124.4 192 -67.6 0 -67.6

^124.4
$

192
192
192

-67.6
-67.5
-67.4

0
0
0

-67.6
-67.5
-67.4

124.7 192 -67.3 0 -67.3
124.7 : onl i L -iT 1U/ « J 0 -67.3
i ra oqo'tilW 1QO -67.2 0 -67.2

< 001 J 4. -67.2 0 -67.2
124.9 192 -6/. 1 0 -67.1

07/01/86 124.9 tooi / i -67.1 0 -6/.1
124.9 150 -67.1 0 -67.1

i^s 1001/ £192
-67
-67

0
0

-67
-67

125.1 192 -66.9 0 / / n "00.7
125'. 2 192 -66.8 0 -66.8
* nr 7 ii J. J 192 -66.7 0 -66.7

192 -6 6.7 0 -66.7
592 -66.6 0 -66.6

125.5 192 -66.5 0 -66.5
125.6 192 -66.4 0 -66.4
! 05 . i l£.v» . 0 192 -66.4 0 -66.4

192 -66.4 0 -66.4
(P 125.6 192 -66.4 0 -66.4

' 125.7 192 -66.3 0 -66.3
125.8 192 -66.2 0 -66.2
125.8 192 -66. a 0 -66.2

•n .10k n.in S » 7 192 -66.1 0 -66.1

Total
Pound

Days

Total
round Days

Total
Pound Days 

Loii

-2043.5

PSC 039678

Pound f'o1.rnd 
Pound Days Days 

Pressure Constant Days High Low 

06/01/86 122.8 

07 /01/86 

122.9 
/123 . t. < "~ • 

lV !~J-~ 1L3,. 

123.3 

10
......-123.5 

i23.6 
123.6 
123.7 
12.3. i 

,...,-,.,..-i 23. 7 
? '""7 I 1 it~.8 

124 
. 123.1 

dQ~n.7 0 124.3 
124.3 
124.3 

! •i I r"i 
il~,1 

124.9 

125.1 
125·. 2 
125.3 

/)D -=12s.3 
/V 125.~ 

125.5 
12S.6 
125;6 

125.8 
115 .8 

192 
192 
192 
192 
192 
192 
1?2 
192 
[';'2 

10') 
J. I• 

192 
!()') 
UL 

192 
1 O'l 
1 IL 

iO'i 
J!~ 

192 
192 
192 
192 
192 
192 
:~'i 
11L 

192 
{C'l 
11 '-

\ ti? .,. 
192 

1 ,J') 
.l.iL 

1n 
192 
192 
i 92 
H2 
192 
192 
192 
192 
i92 
192 
192 
1n 
192 
192 

-69.2 
-69,1 

,r. 
-c,7 

-68.9 
-68.3 
-68.3 
-68.7 
-68.5 
-68.-i 
-68.4 
-68.3 
-68.3 
-68.3 
-68.2 
-68.1 

-68 
-68.9 
-68.3 
-67.7 
-67.7 
-b7t7 
-67.6 
-67.6 
-67.5 

'~ . -o;.~ 
-67.3 
_£1 1 

UI 1\J 

-67.2 
-67.2 
-07.1 
-67 .1 
-67 .1 

-67 
-67 

-66.9 
-66.8 
-66.7 
-66.7 
-66.6 
-66.5 
-66.~ 
-66.4 
-66.4 
-66.4 
-66.3 
-66.2 
-66.2 
-66. i 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(I 

0 
0 
0 
0 
0 
0 
0 
0 
0 

_f(; " UI ,l. 

-69 .1 
-69 

-t8.9 
-&8.8 
- LC1 0 vv,v 

-b8.7 
-68.5 
-68.4 
-bB.4 
-68.3 
-68.3 
-68.3 
-68.2 
-68.1 

-68 
-68.9 
-68. 3 ' 
-67.7 
-67.7 
-67.7 
-67.6 

-67.5 
-67.4 
-67 .3 
-,S7 .3 
-t,7 I 2 

.,, ? -v,.~ 
-67 .1 
-Oi.i 
-67.1 

-67 
-b] 

" n -00.1 

-61-.8 
-6b.7 
-6l.7 
-b6.6 
-66.5 
-66.4 
-66.4 
-66.~ 
-b6.4 
-66.3 
-66.2 
-66.2 
-t.t, .1 

olc1 l 
our,d 
fiiys 

-2on. 5 

Total Total 
Pound Days Pound Days 

High Lo~ 

0 -2043.5 

pSC 039678 



I

125.? 192 -66.1 0 -66.1
126 1?2 -66 0 -66

126.1 192 -65.9 0 -65.9
126 192 -66 0 -66

,✓>126.1 192 -65.9 0 -65.9
) P 126.2 192 -65.8 0 -65.8

126.2- 192 -65.3 0 -65;3
126.2 192 -65.8 0 -65.8
126.3 192 -65.7 0 -65.7

-—126.6 192 -65.6 0 -65.6
126/6 192 -65.6 0 -65.6
126,5 192 -55.5 0 -65.5

OS/51/86
r t u , J126j_

192
192

-65.5
-65.5

0
0

-65.5
-65.5,

-9054

"130 192 -61.5 0 -61.5
136.5 192 -57.5 0 -57.5
138.5 192 -53.5 0 -53.5

13? 192 -53 0 -53
160.? 192 -51.1 0 -51.1
141.8 192 -50.2 0 -50.2
163.1 192 -68.9 0 -68.9
166.3 192 -67.7 0 -67.7
165.5 192 -66.5 0 -66.5
166.8 192 -65.2 0 -65.2

.168.1 192 -63.9 . 0 -63.9
1 168.6 192 1 -63.6 0 -63.6 ;

168.? 192 -63.1 0 -63.1
16?.? 192 -62.1 0 -62.1
150.8 192 -61.2 0 -61.2
152.1 192 -39.9 0 -39.9
156.6 192 -37.6 0 -37.6
155.6 192 -36.6 0 -36.6
156.6 192 -35.6 0 -35.6
157.2 192 -36.8 0 -36.8
158.3 192 -33.7 0 -33.7
15?. 2 192 -32.8 0 -32.8.
160.2 192 -31.8 0 -31.8
161.2 192 -30.9 0 -30.9
162.3 192 -29.7 0 -29.7

163 192 -2? 0 -2?
163.7 192 -23.3 0 -28.3
166.6 192 -27.6 A ■

V -27.6
165.7 192 -26.3 0 .it i

166.? 192 -25.1 0 -25.1 -1273.6

PSC 039679

i25.9 192 -66.1 0 -66.1 
126 192 -66 0 -66 

12h.-1 192 -65.9 0 -65.9 
1U 192 -66 0 -66 

) /5~126.1· 192 -65.9 0 -65.9 
· 126. 2 192 -65.8 0 -65.8 

126. 2- i92 -65.8 0 -6s:a 
") I ') i.o.~ 192 -65.8 0 -65.S 
126.3 i 92 -65.7 0 -65.7 

...-126.4 i 92 -65.6 0 -65.6 
{')' .,. 
i ,o. 'i 192 -65.6 0 -65.6 
126.-5 192 -65.5 0 -65.5 
i :"}! ~ 'Q') -65.5 0 -6~ 5 -?0~4 . v •iAC'/ 
!'LU ,.J !1L 

65° - .. -~JJ~---..J 
-,vJ'i 

08/01/86 !'16 C 192 -65.5 0 -m=t - .. ~~~&' 
C 192 -61. 5 0 -61.5 J 

13~. 5 192 -57.5 0 -57.5 
138.5 192 -53.5 0 -53.5 

139 192 -53 0 -53 
140.9 192 -51.1 0 -5i.1 
141. 8 192 -50.2 0 -50.2 
10.1 192 -48.9 0 -48.9 
14t3 192 -47.7 0 -47.7 
f{C C 
l ,J,J 192 -46.5 0 -46.5 
146.6 192 -45.2 0 -45.2 

.148.1 192 -43.9 0 -43.9 
148.6 192 ' -43.4 0 -H.4 
148.9 192 -43.1 0 -43.1 
149.9 192 -42.1 0 -~2.1 
i50.8 192 -41. 2 0 -~1. 2 
152.1 192 -39.9 0 -39.9 
~ C, ! 
IJ~. I) 192 -37.4 0 -37.4 
'C'C' .. 
!JJ,1 192 -36.6 0 -36.6 
156.6 192 -35.4 0 -35.4 
157.2 192 -3t6 0 -H.8 
158.3 192 -33.7 0 -33.7 
159.2 192 -32.8 0 -32. B. 
160.2 192 -3 i.8 0 -31.8 
161.1 192 -30.9 0 -30.9 
i62.3 192 -29.7 0 -29. 7 

163 192 -29 0 -29 
163.7 192 -28.3 0 -28.3 
164. 6 192 -27.4 A • -27.4 V 

165.7 192 -26.3 0 _,L 1 ,u .. , 
166.9 192 -25.1 0 -25.1 -12i3.~ " -1'111 I V J. L.I .,1 I, 

PSC 039679 



I

Date

09/01/86

10/01/86

Leyden Pound Days

Pound round Total Total Total
Pound DoUS Days Pound Pound Days Pound Days

Pressure Constant Days High Low Days High Lou

168 t CT i / a -26 0 -26
169.1 192 -22.9 0 -22.9
168.8 i/k -23.2 0 -23.2
169.5 192 -22.5 0 -22.5
170.2 192 -21.3 V -21.8
170.7 192 -21.3 0 -21.3
171:5 192 -20.5 (j -20.5
172.6 192 -19.6 AV -19.6
173.1 192 -18.9 0 -13.9
173.6 * ft"« 1 L -18.6 0 -18.6
173.5 ionA / A -18.5 0 -13.5
176.1 192 -17.9 A

V -17.9
176.6 192 -17.6 (3 -17.6
175.1 192 -16.9 0 -16.9
175.8 192 -16.2 0 -16.2
179.3 192 -12.7 0 -12.7
181.9 192 -10.1 A

V -10.1
185.1 ton

i j i. : -6.9 0 -6.9
187.2 192 -6.8 0 -6.8
189.1 i r.n 

i 1 A
-2.9 AV -2.9

191.9 192 -0.1 V -0.1
193.5 Vi 2 1.5 1.5 0
192.3 tooA / A 0.3 v« C* 0
‘9'.8 192 0.8 0.8 0
192.6 i 00A / A. 0.6 A /v.o 0
192.9 t 07

i ! A 0.9 A ftV. 7 0
193 182 1 i 0
193

A 7 L 1 i 0
193.1 192 i.i 1.! 0

i / A « J < nn17 L 0.5 0.5 0
192.7 • * finill 0.7 A 7 v. / 0
195.6 192 3.6 3.6 0
196.9 192 6.9 6.9 0
197.5 192 5.5 5.5 0
roc o11 v« 7

too
A / A,

6.9 6.9 0
200 iv2 8 8 0

201.2 192 9.2 ) « A
0

202.6 192 10.6 10.6 0
203.6 < /V*i17a 11.6' 11.6 0
206.6 ' r.ft ill 12.6 4 ft / iA.O 0
205.9 « ft*1 7 A 13.9 13.9 0
206.9 192 16.9 16.9 0
208.5 <17a 16.5 16.5 0
209.3 4 n* i 7 A 17.3 17.3 0
210.2 192 18.2 to 7A U • A 0

211 192 19 •S ft1 1 0
212.2 192 20.2 25.2 0
213.3 i?2 21.3 v: i

A A « J 0

PSC 039680

Leyden Pound Oays 

PGUfil} r'ound Tut al Tol6i Tolal 
Pound Doys Days Pound Pound Days Pound Oiys 

Datt: Pr-~ssure Constant Days High Low Days High Lo11 

09 /01/86 1b8 192 -24 0 -24 
169.1 lQ? . ~ -22.9 0 -22.9 
16S.B ~ ,-,.; -23.2 0 -23.2 ! 7 i. 

169. 5 ,I i,'j 
liL -22.5 0 _'j') C' 

~L,J 

170.2 1 "r' ,:: -21.8 ,j -2i.6 
170.7 15'2 -2i.3 (1 -21. 3 
171;5 • n'I 

l 7 t. -20.5 0 -20.5 
172.~ ,t n:-i -19.6 1\ -H. 6 !IL V 

173.1 i92 -18.9 0 -18.9 
173. 4 

.,,~ 
!IL -18.6 0 -18.6 

i73.5 ~ •:) '} -18.5 (l -18.5 UL 

17t i 192 -17.9 ,. -17.9 'J 

174.6 '"'l !;, -17.~ (l -17.4 
175.1 l li1 -16.9 0 -16.9 
175.8 192 -16.2 0 -16.2 
179.3 I Qr, 

l, L -12.7 0 -12.7 
iSl. 9 1c1'l -10.l A -iO.l IL \I 

185.1 jO'l : -6.9 0 -6.9 •lL 

187.2 1 ·12 -4.8 0 -4.8 
lBU ic•'l -2.9 " -2. $' IL V 

191. 9 1 n -0.1 0 -0 .1 
193. 5 1 s·2 1.5 , - 0 l.' ~· 

192.3 10'i 0.3 . ~ 0 J. IL 'it~ 

192.8 192 0.8 0.8 0 
192.6 10-1 0.6 r. I 0 l /;.. v.o 
•q~ Q 1 ~'2 0.9 " ;, 0 !, L" v. 1 

i '~3 iQ? -~ l 0 
193 1 {i') 1 0 .! IL 

193.1 1n 1.1 L1 0 
•n') r 1041 0.5 0.5 0 -HO i , -337.7 ! ; .:. • .., 4, lL ,., 

10/01i86 192.7 ~ I'!,,. 0.7 ft i 0 iiL \'., 

195. 6 1 S'2 3.6 , I 
,Lil 0 

196. 9 192 L9 4.9 0 
197.5 ;nr, 5.S C t 0 l., .. J,J ·-19s, s· 1 •JI) 6.9 i. :, 0 l. J l. I,;. 7 

200 1 ·12 8 8 0 
201.2 , n-, 9.2 C, '} 0 l1L ,., 
202.4 192 10.4 10.4 0 
203.4 <n•"", 11. 4' 11.4 0 17,: 

204.6 ~ r,'i: 12.6 '" I 0 17.:. iL,O 

205.9 192 13. 9 {1 0 0 J..J r I 

206.9 1 si2 14. 9 1£ ;:, 
'":11 0 

208.5 192 16.5 16. 0 
209.3 192 17.3 17. 0 
21(1,2 192 18.2 f() 0 lU, 

211 192 19 0 
12.2 10·1 .,L 20.2 20. 0 
13. 3 ~ rp·, 21. 3 'l: 0 11,: L.!.1 

PSC 039680 



•.* i ft < / n i ii/vi/06

214.3 192 22.3 22.3 0
215.4 192 23.4 23.4 0
216.3 172 24.3 24.3 0
216.9 192 24.9 24.9 0
218,4 192 24.4 24.4 0
21?.2 192 27.2 27.2 0
220.3 192- 28.3 28.3 ■ 0
221.3 192 29.3 29.3 0
222.4 192 30.4 30.4 0
223.5 192 31.5 31.5 5 v/

224 - 192 32 32
225.1 192 33.1 33.1
224.3 192 32.3 32.3 0 * 579.9
223.8 192 31.S 31.8
223.3 192 31.3 31.3
222.8 192 30. S 30.8 0
222.4 192 30.4 30.4 0
222.1 192 30.1 30.1 ftV

222 192 30 30 0
225.2 192 33.2 33.2 ftV
224.7 192 34.7 34.7 0
228.1 192 34.1 34.1 0
229.5 192 37.5 37.5 0
230.2 192 38.2 38.2 0
230.8 192 • 38.8 33.8 0
230.5 192 38.5 38.5- 0 : •
235.4 192 43.4 43.4 0
234.7 192 44.7 44.7 0
238.3 192 44.3 44.3 0
239.4 192 47.4 47.4 0
240.8 192 48.3 48.8 0
242.2 192 50.2 50.2 0
242.4 192 50.4 50.4 0
241.9 192 49.9 49.9 0

nn J/ 7 ft

PSC 039681

11/01/86 

14.3 
15.~ 
16.3 

216.9 
218.4 

220. 3 
22i.3 
222.4 
l'l'J"T C' ,:,.j, J 

22~ 
-,11c ~ 

i.i.J,. 

224.3 
223.S 
223.3 
222. B 
222,4 
222.1 

'l'l'l 
l.~L 

225.2 
226.7 
228.1 
.l'\l'lrt C' 
i..f.1.J 

230.2 
230.8 
,,~,._ r 
..:'..JV, ,J 

235.·4 
236.7 
238.3 
239. 6 

242.2 
242.6 
241.9 

92 
92 
92 

192 
192 
192 
I O'l, 
11 L 

192 
192 

t-oi; 
11 L 

i92 
192 
192 
192 
192 
192 
192 
192 
,n~ 
Ji L 

192 
1 )'2 
10'1 

H 

192 
192 
192 
1n 
192 
192 

1 i!'j 
liL 

192 

22.3 
23.4 
24.3 
24.9 
26.4 
27.2 
28.3 
29.3 
30.4 
31. 5 

11 ' v,.,. ! 

32.3 .,. s .:,I, 

31.3 
30.S 
30.4 
30.1 

30 

3~.7 

37.5 
38.2 
10 Q 
JU,\I 

:38.5 
!.1 I. 
I\J •, 

44.7 
~6.3 
47.6 

t'"fl I\ 
JiJ.i. 

ln I\ 
~1.1 

2 I 

1 
L • 

2 
rp n 
..:.'i. i 

26.~ 
-1, '1 
dd. 

28. 3 
29.3 
3•J.4 

33.1 
32.3 
3i. 8 
31.3 
30.8 
30.4 
30.1 

30 
11 ,, 
~,.;, L 

34.7 
36.1 
37.5 
7D '1 ... u,.:. 
~,j n 
Jv,V 
1" r 1JL1 , J· 

43.4 
I! I 
'l'½ I I 

46.3 
47. 6 
LIJ IJ ,v. '-' 

; ri r, 
'if I j 

0 
0 

0 
0 
0 
0 
0 
0 

~ J"0 j-// 
\!..--_ 

0 
0 
0 
0 
0 
0 
{l 

0 
0 
0 
ii 
V 

0 
(i 
,, 
V 

(l 

0 

C"!Q n 
.J;' • 7 

O'i'l 0 
L'.'...l.1 I 

C",n ,-, 
J! i. i' 

n:-:r, i1 r, c.:i I, V 

PSC 039681 
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FORM 850- 22-0058 INTER-DEP/J' WENT MEMO - PUBLIC SERVICE COMPA1 OF COLORADO 

DATE December 1 , 1982?

Tn Mr. Victor L. Coleman, Supervisor General Books
DEPARTMENT OR DIVISION

from Kristen Larson, Special Projects Engineer Fuel Supply Development
DEPARTMENT OR DIVISION

ATTN.____________________________________________________________

SUBj Account 1823-18 Gas Losses

It is recommended that no gas be written off as Lost and Unaccounted for 

Gas in the Underground Storage Operations for 1982.

KL:cp

CONCURRENCE:

Kenneth Hooker, Jr. 
Gas Supply Manager

Kristen Larson

Donald E. Lancaster, Manager 
Fuel Supply Development

PSC 039690
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DATE __ De_c_e_m_b_e_r_l_,_1_9_8_2 __ _ 

TO ___ M_r_._V_i_t_t_o_r_L_._C_o_l_e_m_a_n_,_S_u_p_e_r_v_i_s_o_r ______ ..:....,.:.""""'""".____,G~e=n~e=r=a~l=-c-=B~oo~k~s,....,..,--~-~----"-"-
DEPARTMENT OR DIVISION 

FROM Kristen Larson, Special Projects Engineer Fuel Supply Development 
DEPARTMENT OR DIVISION 

ATTN. _____________________________________ _ 

susi Account 1823-18 Gas Losses 

It is recommended that no gas be written off as Lost and Unaccounted for 

Gas in the Underground Storage Operations for 1982. 

KL:cp 

CONCURRENCE: 

~~ 11./1.@2-
Kenneth Hooker, Jr. 
Gas Supply Manager 

~tl:sZr:a-tcliJ: 
Donald E. Lancaster, Manager 
Fuel Supply Development 

fN. ', f ~I\.) j_jvi 5 (f)...) 
Kristen Larson 
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The Total Volume Equation for the 1982-83 season is derived below:

1. The initial cavern pressure on 12/10/81 was 249.9 psig. While shut in for 27
days from 12/10/81 until 1/6/82, the pressure dropped to 246.5 psig. Extrap­
olating this pressure-time relationship graphically for 150 days, the pressure 
was determined to be 238 psig. (See Figures 1A & IB).

2. Following a major withdrawal period, the cavern pressure is 64.0 psig on 5/13/82.
While shut in from 5/13/82 through 8/3/82, the pressure rose to 83.3 psig. Again 
graphically extrapolating for 150 days, the pressure rose'to 9T.0 psig. (See 
Figures 2A & 2B).

3. From 12/10/81 until 8/3/82, 1,716,850 MCF at 14.65 was withdrawn from the 
Leyden Mine.

4. The stabilized cavern pressures of 238 and 91 psig must be converted to Absolute 
Bottom Hole Pressures.

P = 238.0 psig = (238.0 + 12.29) = 250.29 psia

bottom hole
_ orn on _..n <-(0.01878) (0.6394) (790)-, 
- 250.29 exp L--------(o.geRho)J

. Pu 4.4. = 255.62 psiabottom hole r

Correcting for supercompressibility

255.62 = 255.62 = 266.3 psia
Z 0.96

Similarly, for P = 91 psig,

P = 91 psig = (91.0 + 12.29) = 103.29 psia

p bottom hole

pbotttom hole

103.29 psia exp 

105.1 psia

r(0.01878) (0.6394) (790)-, 
L (0.96)(530) J

Correcting for supercompressibi 1 i.ty 

= ,07-3 ps1a

Gauge Pressure Bottom Hole/Z Pressure

91.0
238.0
250.0 

0.0

107.3 psia
266.3 
278.2

12.29

PSC 039691
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Page 2 i

5. If the gas withdrawn from Leyden is divided by the difference in stabilized 
cavern pressure, a constant defining the relationship between the stabilized 
cavern pressure and the volume is determined.

1,716,850 MCF 
(266.3 - 107.3) psia/z 10798 MCF

psia/s

The Total Volume Equation is

Total Volume = (Botttom hole cavern pressure/Z)(10798 .
***' p S 1 d / c

or TV = (10798)(CP/Z)

6. In order that the total volume equation can be used with gauge pressures, it 
must be modified as follows:

(10798 (278.2) = 3,004,004 MCF

(.10798 -psfa"/;')02.29) . = 132,707 MCF

3,004,004 - 132,707 = 2,871 ,297 MCF

2,871,297 MCF = 11,485 MCF
(250 - 0) psig psig

PSC 039692

K.D.L.
12/2/82
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Calculation of Lost and Unaccounted for Gas in 1982

1. From the 1982-83 Total Volume Equation (based on the previous year's data) the 
volume of gas in place on?*July 26, 1982 can be determined.

A. On July 26, 1982 the cavern pressure was 82.3 psig. The corresponding 
stabilized cavern pressure is 91.0 psig. The bottom hole pressure 
corrected for supercompressibility is 107.3 psia/z.

B. The total volume equation is

TV = (10798 ^Ti7¥)CP/Z

TV = (10798)(107.3 psia/z) = 1,158,625 MCF

From this equation, the volume in place in the cavern is 1,158,625 MCF 
(at 14.65 psia).

2. From the Summary of Gas Delivered Reports the total MCF in storage is 1,106,327 
at 14.65 psia.

3. Based on the above, the total volume equation predicts in excess of 52,298 MCF 
o.f the value documented in the Summary of Gas Delivered Reports.

4. It is the recommendation of this author that no L & U gas be written off for 
1982. The excess gas predicted by the total volume equation (52,298 MCF) could 
be gas that is migrating back into the cavern.

During the summer of 1980 the mine pressure was held high, not allowing the gas 
to migrate back into the cavern. Therefore, gas that usually returns to the 
cavern was not allowed to do so.

In the summer of 1981 the pressure in the cavern was decreased to 59.4 psig, 
allowing gas to migrate back into the cavern. In September of 1981 a pound 
day balance was initiated. The pound day balance is an attempt to recover 
lost and unaccounted for gas by allowing the mine to equalize the number of 
days and the magnitude of their pressure above aquifer pressure with the 
number of days below aquifer pressure.

Due to the work being done on well No. 15, the refill of the mine was delayed 
and the mine was held at a low pressure longer than desirable, ifthe number 
of pound days low were to equal the number of pound days high. Therefore, the 
number of pound days low and the magnitude of their pressure is greater than 
the number and magnitude of pound days high. This further allows gas to migrate 
back into the cavern.

The recovery of 52,298 MCF is explained by the high shut in pressure of 1980 
followed by the low cavern pressure of 1981 and 1982 coupled by the pound day 
balance. Based on the total volume equation and supported :by the three summer 
shut in pressures previously mentioned, this author recommends no L & U gas be 
written off for 1982.

PSC 039693

K.D.L.
12/2/82
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INTER-DEPARTMENT MEMO - PUBLIC SERVICE COMPANY OF COLORADO

DATE November 3, 1982

TO Mr. R. C. Engebrit, Superintendent, Leyden Gas Storage

FROM Mr. R. D. Reeves, General Accounting Manager

ATTN

SDBJ Review of Specific Accounts and Amounts for Year-End Closing

We are again at the "time of year -when certain accounts should be 
carefully reviewed for 'the year-end closing.

At September 30, 1982, our records show balances .in the following 
accounts for which you have .responsibility:

1823-18 - Gas Losses

*Are we to anticipate an inventory adjustment 
representing the cost of gas lost or unaccounted 
for in underground storage operations?

Please review the above accounts and submit a .report regarding the 
items to Vic Coleman, Room 520, on or before November 26, 1982. If you 
have any questions please call Vic on 571-7969.

R. D. Reeves

RDR/bdp

psc 039702
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INTER-DEPARTMENT MEMO - PUBLIC SERVICE COMPANY OF COLORADO 

DATE November .3, 19 8 2 

TO Mr. R. C. Engebrit, Superintendent, Leyden Gas Storage 

FROM Mr. R. D. Reeves, General Accounting Manager 

ATTN 

SDBJ __ R_e_v_1_·e_¥_v_o_f_S~p,_e_c_i_f_i_c __ A_c_c_o_u_n_t_s __ a_n_d_A_m_o_u_n_t_s_f_o_r __ Y_e_a_r_-~E_n_d_C_l_o_s_·1_·n_g ___ -'-___ _ 

We are again at the time of year when certain accounts should be 
carefully reviewed for ·the year-end closing. 

At September 30, 1982, our ·records show balances .in ·the fo1·1owing 
accounts for which you have .responsibility: 

182.3-'18 Gas Loss~s 

*Are we to anticipate an inventory .adjustment 
.representing the ·cost of gas lost ·or unaccounted 
for in underground storage operations? 

Please review the above a-ccounts and submit a ·.-report ·regarding the 
items to Vic Coleman, Room 520, on or before November 26, 1982. If you 
have any questions ple~se call Vic on 571-7969. 

R. D. Reeves 

RDR/bdp 

PSC 039702 



FORM 980-22-2904 INTER—DEPAR'I. .cNT MEMO - FUEL RESOURCES L. /ELOPMENT CO. 

hate February 24, 1982

Tn Mr. Bill Uding, Special Projects Engineer, Fuel Supply Development
DEPARTMENT OR DIVISION

FROM Mr. D. F. Cook, Engineering & Production Manager, Fuelco______________
DEPARTMENT OR DIVISION

ATTN._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SUBJ. SHUT-IN PRESSURE FOR LEYDEN________ ________________________________

In reply to your memo of January 27, 1982, Fuelco has nothing, to add 
to your plan to lower cavern pressure to shut-in pressure of 70 psig.

We' are in the process of running GR-Neutron logs on the Leyden wells 
and expect to be finished fcy February 27th.

DFC/b

PSC 039703

FORM 980-22-2904 
/ 

INTER-DEPAR"I .. cNT MEMO - FUEL RESOURCES £:. /ELOPMENT CO. 

DATE February 24, 1982 

TO Mr. Bill Uding, Special Projects Engineer, Fuel Supply Develoµnent 
DEPARTMENT OR DIVISION 

FROM Mr. D. F. Ccx::>k, Engineering & Production Manager, Fuelco 
DEPARTMENT OR DIVISION 

ATTN.-----------------------------------------

SUBJ. SHUT-IN PRESSURE FOR LEIDEN 

In reply to your merro of January 27, 1982, Fuelco has nothing. to add 
to your plan to lower cavern pressure to shut-in pressure of 70 psig. 

we· are in the process of running GR-Neutron logs on the Leyden wells 
and expect to be finished by February 27th. 

DFC/b 

PSC 039703 
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i

The Leyden Storage operating and maintenance costs for which this department is 
responsible are as follows:

Lost and Unaccounted for Gas, Account No. 5920-21-16

The lost and unaccounted for gas for 1981 will be the difference 
' between the total gas metered in and metered out of Leyden Storage 

from November 1, 1980 through October 31, 1981. The L and U gas 
for 197a.and 1979 was 130,404 MCF and 155,530 MCF at 14.65 psia 
respectively. It is recommended that a budgeted volume of 150,000 
MCF be used along with the budgeted annual cost of gas to calculate 
the budget estimate for the 1981 Leyden L and U gas cost.

Gas and Water Royalties, Account No. 5930-67-14

The landowners were paid royalties totaling 534,236 in January 1980 
and July 1980 for gas withdrawals made from Leyden during the period 
of July' 1979 through June 1980. This amount was substantially lower 
than those gas royalties paid in January 1979 and July 1979 totaling 
$82,608. The reduction between 1979 and 1980 royalties was due to 
the elimination of the 1980 spring drawdown. However, it is uncertain 
at this time whether or not a spring drawdown will be initiated during 
1981. Therefore, the withdrawals during the 1978-79 heating season, 
which were close to the design cold weather year, are a- good 
indication of the withdrawals which' will be experienced if the 
1980-81 heating season is about 20% colder than normal and a spring 
drawdown is initiated. Water royalty payments in recent years have 
totaled approximately $200 annually. Therefore, it is recommended 
that an estimate of $84,000 be budgeted for 1981 gas and water 
royalties.

Lease Rental, Account No. 5920-51-13

" The annual lease rental payments are stipulated in the agreements
with the landowners and will total $50,414.11 each year through 
1989. It is recommended that an estimate of $50,500 be included 
in the 1981 0 & M Budget.

Well Operation and Maintenance, Account Nos. 5920-66-16 and 5920-66-17

It is recommended that $60,000 in 1980 dollars be budgeted for costs 
necessary to operate and maintain the water, observation and gas 
wells and shaft seals during 1981.

It is recommended that trending be used for the above expenses for 
years 1981 through 1985.

The Leyden Storage Capital Construction Budget items and estimates have been 
reviewed with System Planning and are described on the' attached program analysis

PSC 039705

The Leyden Storage operating and maintenance costs for which this department is 
responsible are as follows: 

Lost and Unaccounted for Gas, Account No. 5920-21-16 

The lost and unaccounted for gas for 1981 will be the difference 
betv,een the tota 1 gas metered in and metered out of Leyd_en Storage 
from November 1, 1980 through October 31, 1981. The Land U gas 
for 197R.and 1979 was 130,404 MCF and 155,530 MCF at 14.65 psia 
respectively. It is recommended that a budgeted volume of 150,000 
MCF be used along with the budgeted annual cost of gas to calculate 
the budget estimate for the 1981 Leyden Land U gas cost. 

Gas and Water Royalties, Account No. 5930-67-14 

The landowners were paid royalties totaling $34,236 in January 1980 
and July 1980 for gas withdrawals made from Leyden during the period 
of Juli 1979 through June 1980. This amount was substantially lower 
than those gas royalties paid in January 1979 and July 1979 totaling 
$82,608. The reduction between 1979 and 1980 royalties was due to 
the elimination of the 1980 spring drawdown. However, it is uncertain 
at this time whether or not a spring drawdown will be initiated during 
1981. Therefore, the withdrawals during the 1978-79 heating season, 
whic_h were close to the design cold weather year, are a· good 
indication of the withdra·wals which will be experienced·if the 
1980-81 heating season is about 20% colder than normal and a spring 
drawdown is initiated. Water royalty payments in recent years have 
totaled approximately $200 annually. Therefore, it is recommended 
that an estimate of $84,000 be budgeted for 1981 gas and water 
royalties. 

Lease Rental, Account No. 5920-51-13 

The annual lease rental payments are stipulated in the agreements 
with the landowners and will total $50,414.11 each year through 
1989. It is recommended that an estimate of $50,500 be included 
in the 1981 0 & M Budget. 

Well Operation and Maintenance, Account Nos. 5920-66-16 and 5920-66-17 

It is recommended that $60,000 in 1980 dollars be budgeted for costs 
necessary to operate and maintain the water, observation and gas 
wells and shaft seals during 1981. 

It is recommended that trending be used for the above expenses for 
years 1981 through 1985. 

The Leyden Storage Capital Construction Budget items and estimates have been 
reviewed with System Planning and are described on th~ atta~hed program analysis 

PSC 039705 



Page 2

sheets. It is recommended that the Leyden remedial work be budgeted as a planned 
item for 1981, the downhole safety valves and the.dril1ing and completion of one 
additional gas well be budgeted as contingent items for 1983 and that the Leyden 
remedial work be budgeted as contingent for 1982. The Leyden Storage expansion 
to 215 M2CFD should be budgeted as contingent for 1984.

John A. Shealy

PSC 039706
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FORM 850-22 - 0058 INTER-DEPAR-,...£NT MEMO - PUBLIC SERVICE COMPANY UF COLORADO

date August 23, 1981

to Mr. R. D. Carnesi__________________________________ Gas Budget & Statistics

FROM Mr. E. E. Ellis, Solar Coordinator
DEPARTMENT OR DIVISION

Fuel Supply Development

ATTN.

DEPARTMENT OR DIVISION

SUBJ. 1982 Levden Reservoir 0 & M Budget

Please use the following dollar estimates for the 
Leyden Reservoir Operations and Maintenance Budget.

1981 base for the 1982

FPC Account Account Name 1981 Dollars

910-01816-11 Wells Expense (Oper.) $30,000
910-01832-11 Mtc. of Wells (Mtce.) $30,000

Please escalate these estimates using the rates provided in the 1982 
Corporate Goals and Planning Guidelines.

For Leyden Lost and Unaccounted for gas please use 150,000 MCF.at 14.65 
psia per year. Please use the cost of gas figures from the September 17, 1980 ' 
Brackett to Hooker Cost of Gas memo.

Edward E. Ellis

EEE:sr

PSC 039708

' 

FORMSS0-22-0058 INTER-DEPARl, __ .cNT MEMO - PUBLIC SERVICE COMPAN{ vF COLORADO 

DATE 

TO 

FROM 

ATTN. 

SUBJ. 

August 23, 1981 

Mr. R. D. Carnesi Gas Budget & Statistics 
DEPARTMENT OR DIVISION 

Mr. E. E. El l is , Solar Coordinator Fuel Supply Development 
DEPARTMENT OR DIVISION 

1982 Leyden Reservoir O & M Budget 

Please use the following dollar estimates for the 1981 base for the 1982 
Leyden Reservoir Operations and Maintenance Budget. 

FPC Account 

910-01816- ll 
910-01832-ll 

Account Name 

Wells Expense (Oper.) 
Mtc. of Wells (Mtce.) 

1981 Dollars 

$30,000 
$30,000 

Please escalate these estimates using the rates provided in the 1982 
Corporate Goals and Planning G~idelines. 

For Leyden Lost and Unaccounted for gas please use 150,000 MCF.at 14.65 
psia per year. Please use the cost of gas figures from th~ September 17, 1980 
Brackett to Hooker- Cost of Gas memo. 

~~lft!t-
Edward E. Ellis 

EEE:sr 
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__ J15L 15.,. ..1991............._ PUBLIC SERVICE COM? A.NY ..0 F_. CGI. ORA.DUPAGE.735 ..
f 'T CENTER HOW CHARGED CODS.’

..REPORT NO. EAST . ... . _

' FU.Ei__SUPPLY QE'/CLO.PM^yr_________ sq?0 - r.a^ ^iipo1 YMAMdC,PR__ _____________..

i HOW FPC ACCOUNT / ACCOUNT ACCOUNT
____ CHAELGED .ACCOUNT CODE NAME. . _______________________ ......CROUP—

14 910-01R?5-11 STORAGE WELL ROYALTIES GAS UNDERGROUND STORAGE - CPE

15 010-01571-11 DTSTR LOAD DISPATCHING GAS DISTRIBUTION - OPER.

16 910 - 01R 1 6 — 1l WELLS EXPENSES GAS UNDERGROUND STORAGE - OPE

17 910-01332-11 MTCE OF WELLS ~ GAS UNDERGROUND STORAGE - MTC

35 970—01571—11 OISTR LOAD DISPATCHING G*S DISTRIBUTION - OPER.

55 910-00955-11 UMDTSTR GEMFR SUPV EXP CLOSING ACCOUNTS

59 91.0-00058-1 1 UNO ISTR GAS SUPPLY EXP CLOSING ACCOUNTS

65 095-0195 1-11 SYSTEM CONT & LOAD DISD GAS TRANSMISSION - OPER.

85 910-0093 2—82 MTCE GEN PLT-GFF FURN EO ADMIN. AND GENERAL - MTCE.

90 910-00963-11 TXS OTHER THAN INC CLOSING ACCOUNTS

96 910-00436-51 OTHER INC OEO-OTHER DFD OTHER INCOME AND DEDUCTIONS

97 910-^936-19 F-^L 0 EN EE T T S - MTSC ADMIN. AND GENERAL - OPER-

98 910 —00 9.3 6—3 3 E*PL FEME - LOST TIME AOMIN. AND GENERAL - OPER.

PSC 039711

. -·· . J LS L l ~ ., ... l 9 q 1 . . . _ ;:>lJ;?.LJ(: si=o \/ T.C ': Cf.1'1!? 1'.~!Y .. 0 F __ CGI. r:JBA.D..0 _______ .PAGE_ 73 5 .. . .• 

( ·r C~NT~~ HnY CHARG~Q coo~ 

_: '_~l).£.L._SJJPP l.Y _ o_i: 1(':lCl..'.:-'~ ':t~ T---·----··· . ------~-
:----~~-----· ::---------------------~-=7-:--:.:-:.~~--::_-=----.------. --------- -------·-----= 
HOW ~PC !CC1U~T I ~CCOU~T ACCOUNT 

__ C.HA9-.GED .ACJ.:IJlJ:--IT <:!JD:: •1A~1 c. . . -··-··- ·-----···---··· _ ·-··-·r·~G..UE.__. ___ . ···-·---

--------------------------------------------------------------------
------·-- ·•-·• - ·····-·--- .. ~.-...... ><-•--·---·--·---

14 GAS UNDE~G~GUN8 STORAGE - OPE 

----·-·---·. 
15 910-01~71-ll ~TSTR Lr.An OISPATCHI~G GAS DISTRIBUTIO~ - nPER. 

-----·----- ... -·-· 
16 9 l !1- :1 1 ~ 1 S-1 l ''1 !: LL S ~ X PF. N 5 E S 

Qln-n!332-ll ~TCE nF W~LLS 

910-01~71-ll OIST~ LOAl OI~PATCHI~G 

GAS lJNOERG~GUNO STORAGE - OPF., 

17 ~AS UNDERG~OU~D STORAGE - MTC 

35 

---· ·- --·· •· .. ···-·-·- .. , --------··· -·------·--------- ·-·-·-
55 910-00Q55-l l U~DTSTR G~Nfq SUPV EXP 

----------···- --···- -··-····· ········-- ........ - ·--•,O••· ---·-.. ·--·-·-------------··--··-·--
59 9tn-nnQ58-ll U~0ISTR G4S SUPPLY EXP CLOSING Accnu:'IJTS 

65 GAS T~A~SMISSIO~ - □PER ■ 

-· - ---· .. ···--·- - .. --·· .. ---· ·-------- -----
35 910-00932-~2 ~TCF SEN ?LT-OFF FURN EQ AO~IN. A~O GENERAL 

------------~- .... :, . -:0-- -·------

90 9]~-0096 ~-l l TXS ~TH~R T~hN INC CLOSING ACCOUNTS 
-------------·--·· -·--- . . . ··-·-·-·------·---

96 9I0-n04.?n-5I GTY':R fl'1C /)f=i)-QTHER OFO OTHE~ I~CD~E AND D~DUCTIONS 
" ········--··· ········------·--------------

97 _____ ,..._._ ______ _ 
. -·-------·------··---

913 910-00926-23 E~PL ~~~E - LOST TI~E A~MIN. AND GENERAL - OP~. 
------------· .... 

···--·- . -•-·. .. . .. . ··-·-----·----··------- --------

------------· ·-· . ·-- --·-·-·- ... 

·---. . . .. ---· -·· -· ·-- ·-· ·-···--------- --- ----------
---·------ . -- - ·-··---------

' -·••-··-··- ·---- ·-· ·--·-----· ------··---------··--

·-·--·-·-·--· . ···- ·-. ... .. -·'. -··----------------· 

·••· -·---···-----

---------···-·-·-·· ... 
PSC 039711 



FORM 850-22-0058 INTER-DEPARTf IT MEMO - PUBLIC SERVICE COMPANY! COLORADO 

November 24, 1981
DATE

T0 Mr. Victor Coleman, Supervisor General Books

FROM. 

ATTN. 

SUBJ. .

Mr. Bill Uding, Special Projects Engineer
DEPARTMENT OR DIVISION

Fuel Supply Development
department or division

Account 1823-18 - Gas Losses

It is recommended that 131,089 MCF at 14.65 PSIA (155,251 Mcf at 12.37 psig) be 
written off at the end of 1980 as Lost and Unaccounted For Gas in the Underground 
Storage Operations.

Bill Uding

BU:sr

CONCURRENCE:

Kenneth Hooker, Jr; 
Gas Supply Manager

Donald E. Lancaster, Manager 
Fuel Supply Development

PSC 039712

I 

,FORM sso-22-oosa INTER-DEPART[ IT MEMO -PUBLIC SERVICE COMPANY( COLORADO 

November 24, 1981 DATE __________ _ 

Mr. Victor Coleman, Supervisor General Books 
TO~-------------------------=-c=-=-==-==:-::-:=-==c=-:'.,-----DEPARTMENT OR DIVISION 

FROM _M_r_._B_i_l _l _U_d_i_n_g_, _S_p_e_c_i_a_l _P_r_o_j_e_c_ts_E_n_g_i _n_ee_r _____ F_u-'-e l=-S-=u=p_p.,,..l y-=-D,_,e,_v~e_l-,o~pm_e_n_t ___ _ 
DEPARTMENT OR DIVISION 

ATTN.----------------------------,.----------

SUBJ. _A_c_c_o_u_n_t_l_82_3_-_1_8_-_G_a_s_L_o_s_se_s _______________________ _ 

It is recommended that 131,089 MCF at 14.65 PSIA (155,251 Mcf at 12.37 psig) be 
written off at the end of 1980 as Lost and Unaccounted For Gas in the Underground 
~torage Operations. 

BU:sr 

CONCURRENCE: 

Kenneth Hooker, "Jr; 
Gas Supply Manager 

Donald E. Lancaster, Manager 
Fuel Supply Development 

Bill Uding 

PSC 039712 



FORH „0-z2-oos9 INTER-DEPARTMENT MEMO - PUBLIC SERVICE COMPANY OF COLORADO 

DATE October 26, 3.931

_________________________ Supt. Leyden Gas StorageTO R. C. Engebrit
DEPARTMENT OR DIVISION

cptiM R- D- Reeves, General Accounting Manager

ATTN- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - :- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * *

suaJ Review of Specific Accounts and Amounts for Year^-End Closing

department or division

We are again at the time of year when certain accounts should be 
carefully reviewed for the year-end closing.

At September 30, 1981, our records show balances in the following 
accounts for which you "have responsibility:

1823-18 Gas Losses

*Are we to anticipate an inventory adjustment representing 
the cost of gas lost or unaccounted for in underground 
storage operations?

Please review the above accounts and submit a report regarding the 
balance to Vic Coleman, Room 520, on or before November '2_6,--‘1981. If 
you have any question please call Vic on Extension 571-7969.

R. D. Reeves

RDRjbdt

pSC 039713

INTER-DEPARTMENT MEMO - PUBLIC SERVICE COMPANY OF COLORADO 

TE October 26, 1981 DA, ----=~~---'---...c_~~-=--
TO---~R~,-=C~.:........::E=n=g~e~b~n~·t.::.._ ________________ S.;_u_p,__t~.~L~e~y:-'=d~e~n;::-:-,::G~a~s~S~t~o~r~a~·g~e-=------

DEPARTMENT OR DIVISION 

FROM __ R_._D_._R_e_e.;..v_e_s--"-, _G_en_e_r_a_l _A_c_c-'-o_u_n_t_ir_ • .,;ag'---1,f...:a;;.:cn.:c:a::...g::ie.::cr"--------=.:,,_..,,.===-=..:-=..-,-,,=.-.------­
oEPARTMENT OR DIVISION 

ATTN. _________________________________________ _ 

Review of Specific Accounts and Amounts for Year~Er.d Closincr 
SUBJ. __ ~------=-------------~-----------=-----------

We are again at the time of year when certain accounts should be 
carefully reviewed £or the year.,..end closing. 

At September 39, 1981, our !·ecords show balances frl the following 
accounts for which you have responsiblility: 

1823-18 Gas Losses 

*Are we to anticipate an inventory adjustment representing 
the cost Qf gas lost or unaccounted for in underground 
storage operations? 

Plea.se review the above accounts and submit a report r.~-g_?.rding the 
balance to Vic Coleman, Room 520. on or before November 12q .. / 1981. If 
you have any question.please call.Vic on E.-·-::tension 571-7969: 

fD!l~ 
R. D. Reeves 

RDR]bdt 

? 
( 

PSC 039713 
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rot,*, uo-zi-oos. INTER-DEPARTMENT MEMO - PUBLIC SERVICE COMPANY OF COLORADO

n/iTc March 5, 1980 A
&

tq_____Mr. R. R. Midwinter, Controller

cbm Lynn W. Wilkinson, Gas Supply Manager
DEPARTMENT OR DIVISION

Fuel Supply Development
DEPARTMENT OR DIVISION

ATTN..

ciri Leyden Storage Cushion and Working Gas Volumes

The Leyden Storage performance test conducted .in the spring of 1979 
indicated that the total gas in storage is 2,236,175,MCF at 14.65 
PSIA. when the cavern is at its full pressure of. 250 PSIG. Of this 
total amount, 537,000 MCF is cushion gas and 1,699,175 MCF is working 
gas.

As outlined in your December 31, 1975 memo, the cushion gas volume 
was recently reduced from 834,000 MCF to 537,000 MCF because the 
design work.ing gas depletion pressure was reduced from 100 PSIG to 
60 PSIG. The installation of compressor units.in 1976, which are - 
capable of operating at a suction pressure of 60 PSIG, allowed for - 
the increase in working volume and this corresponding decrease in 
cushion gas.

It—has been noted that the total gas .in Leyden Storage shown in the 
Summary of Gas Delivered Reports .is erroneously high by 421,706 MCF.
A review, of past reports has revealed that this error has existed 
for many years. Please consider what steps need to be taken to 
correct the working gas inventory! In the meantime, the 1980 Leyden 
Storage spring performance test will be conducted. Although there 
may be a small change in the total storage volume due to differing 
water encroachment and dewatering rates, the performance test is 
expected to confirm the total volume of 2,236,175 MCF. You will be 
contacted in early April to discuss the latest test results and how 
to correct the inventory records.

Lynn Xtfi'U

. Wilkinson

LWWrcp

cc: J. A. Shealy
N. Brenner

PSC 039721
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FO'.iM ••o·H•Om INTER-DEPARTMENT MEMO - PUBLIC SERVICE COMPANY OF COLORADO 

DATE March 5, 1980 ,..~1q).-·'l., 

Mr. R. R. Midwinter Controller 
TO---'-~-__..;..-----_.;;;..:.......,..~c...:....:...;...;....;;c..:...c..:....;::..:----------~or.EP~A~R~T""Mr.EN~T~O~R~o=1~v=1s~1o=N,------

FROM Lynn W. Wilkinson, Gas Su~ply Manag~r Fuel Supply Development 
DEPARTMENT OR DIVISION 

ATTN. _________ __;·0 __ • ____ ...c.,_ _____ -,----!.----....,......-----.....:..----
:... . •.,;,. 

SUBJ. __ L_e.,,_y_d_en_S_t_o_r_ag-e_C_u_s·_h_, o_n_.a_n_d_W_or_k_·•i_n~g~G_a s_V_o~l'""'"u_me_s ____________ --,-__ _ 

The Leyden Storage performance test conducted .in·the spring of 1979 
indicated that the total gas in storage is 2,236,175.MCF ~t 14.65 
PSIA.when the cavern is at its full pressure of 250 PSIG. Of this 
total amount, 537,000 MCF is cushion gas and l,6g9,175 MCF is working 
gas. 

As outlined in your December 31, 1975 memo, the cushion gas volume 
was recently reduced from 834,000 MCF to 537,000 MCF because the 
design workjng gas depletion pressure was reduced from 100 PSIG to 
60 PSIG. The installatio~ of compressor units. in 1976, which are . 
capabl_e of operating at a suction pressure of 60 PSIG, allowed for· 
the increase in working volume and this corresponding decrease in 
cushion gas. 

I.t•-·has been noted that the total gas .in Leyden Storage shown in the 
Summary __ of .Gas Delivered Repo'rts .is erroneously high by 421,706 MCF. 
A revie~ of past reports has revealed that this error has existed 
for many year.s. Please consider what steps need to be taken to 
correct the working gas inventory~ In the meantime, the 1980 Leyden 
Storage spring performance test will be conducted. Although there 
may be a small change in the total storage volume due to differing 
water encroachment and de1.,,atering rates, the performance test is 
expected to confi.rm the total volume of 2,236,175 MCF. You will be 
contacted in early April to discuss .the latest· test results and how 
to correct the inventory records. 

U-IW:cp 

cc: J. A. Shealy 
N. Brenner 

#~ 
Lynn '\.J. Wilkinson 
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FORM 850-22-0050 INTER-DEPARTMENT MEMO - PUBLIC SERVICE COMPANY OF COLORADO

natc .v February 7, 1980

Tn Mr. Lynn W. Wilkinson, Gas Supply Manager Fuel Supply Development
DEPARTMENT OR DIVISION

from John A.Shealv, Special Projects EngineerFuel Supply Development
DEPARTMENT OR DIVISION

ATTNu

shr.i Accumulated Measurement Error for Levden

As of October 31, 1979, Chart Processing and the Accounting Department show total gas 
in storage* of 2,752,682 MCF at 14.65 psia for the Leyden Storage facility. Sub­
tracting out the 1979 L & U of 155,530 MCF at 14.65 psia gives Chart Processing and 
Accounting a new total gas in storage* of 2,597,152 MCF 0 14.65 psia.

According to the 1979 spring performance test, at a maximum pressure of 250 psig, the 
cavern has a maximum total gas in storage* of 2,236,175 MCF @ 14.65 psia. To determine 
our total gas in storage* on October 31, V979, we use the pressure volume relationship 
derived in the spring performance test. We first select a period of time when the 
pressure in the cavern has been allowed to stabilize.

On November 1, 1978, the pressure stabilized at.247.9 psig. From'the performance test, 
this pressure corresponds to' a total gas in storage* of 2,21-7,391 MCF G> 14.65 psia.
From November 1, 1978 to October 31, 1979

Injections total = 3,984,448 MCF 0 14.65 psia

Withdrawals total = 3,870,863 MCF @ 14.65 psia

L & U for the year 1979 = 155,530 MCF 6 14.65 psia

Therefore, on October 31, 1979 we should have a total gas in storage* of

Pressure-Volume
Calculations + Injections - Withdrawals - L & U for 1979 

2,217,391 MCF 3,984,448 3,870,863 155,530

2,175,446 MCF @ 14.65 psia

Total gas in storage* from pressure-volume calculations = 2,175,446 MCF @ 14.65 psia. 
Total gas in storage* from Chart Processing and Accounting records = 2,597,152 MCF @ 
14.65 psia.

Therefore, if we assume that our pressure-volume calculations (from performance test) 
are correct, then Chart Processing and the Accounting Department need to write-off 
421,706 MCF 0 14.65 psia as an accumulated measurement error over the last 20 years. 
In looking back over previous Summary of Gas Delivered Reports, it was" found that an 
error was present even then.

January 31, 1976 

September 30, 1973 

January 31, 1972 

January 31, 1971

Total Gas in Storage 

Total Gas in Storage 

Total Gas in Storage 

Total Gas in Storage

2,718,226 MCF 

2,639,503 MCF 

2,686,476 MCF 

3,492,676 MCF

PSC 039722
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INTER-DEPARTMENT MEMO - PUBLIC SERVICE COMPANY OF COLORADO FORM es()--22-oosa 

DATF )· Februar:t 72 1980 

TO Mr. Lynn w. ~Jil ki nson, Gas Supply Manager Fuel Supply Development 
DEPARTMENT OR DIVISION 

FROM John A.·Shealy, Specfal Projects Engineer Fuel S~oly Develo~ment 
DEPART ENT 0 

ATTN. 

SUBJ. Accumulated Measurement Error for Leyden 

As of October 31, 1979, Chart.Processing and the Accounting Department show total gas 
in storage* of 2,752,682 MCF at 14.65 psia for the Leyden Storage facility. Sub­
tracting out the 1979 L & U of 155,530 MCF at 14.65 psia gives Chart Processing and 
Accounting a new total gas in storage* of 2,597,152 MCF@ 14.65 psia. 

According to the 1979 spring performance test, at a maximum pressure of 250 psig, the 
cavern has a maximum total gas -in storage* of 2,236,175 MCF@ 14.65 psia. To determine 
our total gas in storage* on October 31, 1~79, we use the pressure volume relationship 
derived in the spring performance test. We first select a period of time when the 
pressure in the cavern has been allowed to stabilize. 

On November l, 1978, the pressure stabilized at.247.9 psig. From·the performance test, 
this pressure corresponds ta a total gas in storige* of 2,21q,391 MCF@ 14.65 psia. 
From November l , 1978 to October 31, 1979 · 

Injections total = 3,984,448 MCF@ 14.65 psia 
Withdrawals total = 3,870,863 M£F@ 14.65 psia 
L & U for the year 1979 = 155,530 MCF@ 14.65 psia 

Therefore, on October 31, 1979 we should have a total gas in storage* of 

Pressure-Volume 
Calculations + Injections 

2,217,391 MCF 3,984,448 
Withdrawals 
3,870,863 

L & U for 1979 = 

155,530 

2,175,446 MCF@ 14.65 psia 

Total gas in storage* from pressure-volume calculations= 2,175,446 MCF@ 14.65 psia. 
Total gas in storage* from Chart Processing and Accounting records= 21 597,152 MCF@ 
14.65 psia. 

Therefore, if we assume that our pressure-volume calculations (from performance test) 
are correct, then Chart Processing and the Accounting Department need to write-off 
421,706 MCF@ 14.65 psia as an accumulated measurement error over the last 20 years. 
In looking back over previous Summary of Gas Delivered Reports, it was·found that ati 
error was present even then. 

January 31, 1976_ Total Gas in Storage 2,718,226 MCF 
September 30, 1973 Total Gas in Storage 2,639,503 MCF 
January 31 , 1972 Total Gas in Storage 2,686,476 MCF 
January 31, 1971 Total Gas in Storage 3,492,676 MCF 
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« ...Mr.. Lynn W. Wilkinson 

February 7, 1980 
Page 2

December 31, 1969 

January 31, 1968 

December 31, 1965 

November 31, 1964

Total Gas in Storage 

Total Gas in Storage 

Total Gas in Storage 

Total. Gas in Storage

3,001,134 MCF 

3,004,494 MCF 

2,811,634 MCF 

2,733,228 MCF

From the 1979 performance test the maximum total gas in storage* at 250 psig is 
2,236,175 MCF 0 14.65 psia. This is the largest total gas in storage* ever calculated 
from a perfornace test, and at no^time can we ever have more gas in the cavern than 
thermodynamically or physically possible.

In determining, what actually caused this error., it can only be assumed that inherent 
meter inaccuracies and inaccurate chart readings .(due to.recorder-failures, smudges, 
improper interpretation and .other chart related problems)• over .a 20 .year period have 
caused this accumulated measurement error to occur. This error cannot-be detected in’ 
an L & U report because the L & U report never relates total, gas in storage at the 
end of a year to a corresponding pressure related .volume at the end of a year.

To prevent this from occurring in the future, once' each year the Fuel Supply Develop­
ment Division will calculate a yearly L & U report and correct, the total amount of 
gas in storage for.Chart Processing and.Accounting.

Do we want to write-off this error now or wait for the 1980 performance test to verify 
this figure?

* - Working volume plus cushion gas

ohn A.

K

Shealy

JAS:cp

PSC 039723
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February 7, 1980 
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December 31, 1969 
January 31 ,· 1968 . 
December 31, 1965 
November 31, 1964 

Total 
Total 
Total 
Total 

Gas in Storage -3,001 ,134 MCF 

Gas in Storage 3,004,494. MCF 

Gas in Storage ·2 ,811, 634 MCF 

Gas in Storage 2,733,228 MCF 

From the 1979 performance test the maximum total ~as in storage* at 250 psig is 
2,236,175 MCF@ 14.65 psia. This is the largest total gas in storage* ever calculated 
from a perfornace test, and at no -time can we ever have more gas in the cavern than 
thermodynamically or physicallypossible. 

In determining. \'/hat actually caused th.is error., it can only be assumed that inherent 
meter inaccuracies and inaccurate ·chart readings .( due to. recorder. fai 1 ures, smudges, 
i~proper interpretation and.other chart related·problems)·over.a 20.year period have 
caused this accumulated measurement error to occur. This error cannot-be detected in• 

?---an L & U report because the L & U repor,t never relates total.gas·fo storage at the 
. end of a year to a corresponding pressure related :volume at the end of a year. 

To prevent this from occurring in the future, once· eacb year the Fuel Supply Develop­
ment Division will calculate a yearly L & U·report and correct. the total amount of 
gas fri storage for.Chart ~rocessing and.Accoun~ing. 

Do we \'Jant to write-off this error now or wait for· the 1980 performance test to verify 
this figure? 

* - Working volume plus cushion gas 

»v- I\. 8~ 
(_)ohn A. Shealy 

JAS:cp 
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DATE

TO__

FROM

ATTN.

SUBJ..

:t.:t INTER-DEPARTii NT MEMO - PUBLIC SERVICE COM.

December 31, 1979

Mr. 0. D. Davis, Property Accounting Director ______

R. R. Midwinter, Controller_______________________

Change in Volume of Cushion Gas at Leyden

NY OF COLORADO

DEPARTMENT OR DIVISION

DEPARTMENT OR DIVISION

Mr. Lynn Wilkinson has advised me that the design of the Leyden 
Underground Gas Storage facility was modified prior to 1979 from 100 
pounds depletion pressure to 60 pounds depletion pressure. Accordingly, 
more gas is now recoverable from the storage facility and the corresponding 
reduction in the volume of Cushion Gas should be recognized.

Per my discussion with Mr. Wilkinson last week, the amount of 

"Cushion Gas" should be reduced from 834,000 MCF to 537,000 MCF. r.-sf-

Please set up the necessary entries to reflect the reduction in 
Cushion Gas. Also record the salvage value of the reclassified gas as 
an addition to account number 81-164-11, Gas Stored Underground - Current, 
at its value for tax purposes to avoid creating an insignificant book- 
tax difference in the Inventory Account. (The Cushion Gas is being 
depreciated for .book purposes whereas it is being amortized for tax 
purposes)

RRM/c
cc: D. D. Brunkhardt

Lynn Wilkinson 
F. W. Beier ' ' '

- * .

VU

PSC 039724

INTER-DEP;\FtTil .H MEMO - PUBLIC SERVICE COii\ NY OF COL011ADO 

DATE __ D_e __ c_e_•m_b_. e_r_3_1_,_1_9~--' 9 __ 
. . 

TO Mr. O. D. Davis, Property Accounting Director 
DEPARTMENi OR DIVISION 

F ROi\1 _ __,R"-.'---'R~. -'},.,_1:::.i=-dt.:..:.'.=i.:..:n:..:t:..:e:..:re-,_.....:C:::.:o:::..:n=t-=-r-=o-=l:=l:.::e:.:r:.._ ____________ _,,,..,...,,=--a=-=-=7=""=-=-'~~-,-,--------'--
oEPARTMENT OR DIVISION 

ATTN. ______________________________________ _ 

SUBJ. __ ..::::C.:..:h:..:::ac;;;n;....g2..;:ec_;ci.c...n.:..-V'-o-'l=-u.;:;m;.;.;...c_e~o...cf'--'C=-u=-s=-h:.:.i=-· o.::..c...;:n-eG..:..a..::cs---=a....:t:._::L=...e ...... y,_d_e_n:..::_ ____________________ _ 

Hr. Lynn Wilkinson has advised me that the design of the Leyden 
Underground Gas Storage facility ~as modified prior to 1979 from 100 
pounds depletion pressure to 60 pounds depletion pressure. Accordingly, 
more gas is now recoverable from the storage facility and the corresponding 
reduction in the volume of Cushion Gas should be recognized. 

Per my discussion with Mr. Wilkinson last week, the amount of 
"Cushion Gas" should be reduced from 834, 000 HCF to 537,000 MCF. 

Please· set up the n~cessary entries to reflect the repuction in 
Cushion Gas. Also record the salvage value of the reclassified gas as 

I . ~ , I 
,,,:;,, . 

an addition to account ·number 81-164-11, Gas Stored Underground - Current, 
· at its value for tax purposes to avoid creating an ins1gnificant book-
· tax difference in the Inventory Account. (The Cushion Gas is being 
·. depreciated for··_book purposes whereas it is being amortized for tax 
purposes) · 

RRM/c 
cc: D. D. Brunkhardt 

Lynn lJilkinson 
F. W. Beier 

Psc 039724 
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Each year a pressure-volume relationship is derived for the Leyden Underground 

Storage facility. This relationship is used in dispatching and operating guidelines 

for:
1. Determining the working volume available, given the daily cavern pressure.

2. Determining the amount of gas required to refill the cavern from one 

pressure to another.

3. Determining the amount of lost and unaccounted for gas to be reported 

annually.

4. Determining the total storage, total working volume and total cushion 

volume.

This relationship is always calculated toward the end of the heating season 

when a substantial drawdown can be initiated. This generates the three primary 

sources of information used in calculating the pressure-volume relationship which 

are:

1. The beginning shut-in pressure before the drawdown.

2. The amount of gas withdrawn during the drawdown.

3. The final shut-in pressure after the drawdown.

After both pressures are corrected for bottom hole pressure, temperature and 

supercompressibility, the pressure-volume relationship is determined by dividing the 

amount of gas withdrawn (M2CF) by the change in corrected pressure (psig). (See 

Appendix I.) This gives the pressure-volume relationship required for the operating 

and dispatching guideline purposes previously mentioned.

However, this relationship is not an actual pressure-volume relationship; it 

is better described as a drawdown rate. This drawdown rate is very useful in 

determining the amount of working volume which can be withdrawn between two given 

pressures, the amount of gas that will be required to refill the cavern and for 

estimating the amount of working volume available for peak loads during the heating 

season. However, the use of this drawdown rate for calculating the total storage 

volume, the total cushion volume and the annually reported lost and unaccounted for 

gas volumes is in error.

The reason this drawdown rate cannot be used to calculate total cushion and 

storage volume or for L and U calculations is because the beginning and ending

PSC 039726
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Storage facility. This relationship is used in dispatching and operating guidelines 

for: 
l. Determining the working volume available, given the daily cavern pressure. 

2. Determining the amount of gas required to refill the cavern from one 

pressure to another. 
3. Determining the amount of lost and unaccounted for gas to be reported 

annually. 

4. Determining the total storage, total working volume and total cushion 

volume. 

This relationship is always calculated toward the end of the heating season 

when a substantial drawdm'ln can be initiated. This generates the three primary 

sources of information used in calculating the pressure-volume r~lationship which 

are: 

l. The beginning shut-in pressure before the drawdown. 

2. The amount of gas with drawn during the dravJdown. 

3. The final shut-in pressure after the drawdown. 

After both pressures are corrected for bottom hole pressure, temperature and 

supercompressibility, the pressure-volume relationship is determined by dividing the 

amount of gas withdrawn (M 2CF) by the change in corrected pressure (psig). (See 

Appendix I.) This gives the pressure-volume relationship required for the operating 

and dispatching guideline purposes previously mentioned. 

However, this relationship is not an actual pressure-volume relationship; it 

is better described as a drav1down rate. This drawdown rate is very useful in 

determining the amount of working volume which can be withdrawn between two given 

pressures, the amount of gas that wi 11 be required to refi 11 the cavern and for 

estimating the amount of working volume available for peak loads during the heating 

season. However, the use of this drawdown rate for calculating the total storage 

volume, the total cushion volume and the annually reported lost and unaccounted for 

gas volumes is in error. 

The reason this drawdown rate cannot be used to calculate total cushion and 

storage volume or for Land U calculations is because the beginning and ending 
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pressures were not stabilized. In order to determine a true pressure-volume 

relationship, stabilized cavern pressure must be used. These stabilized cavern 

pressures take into account all the pressure variations not accounted for in the 

calculation of the drawdown rate. These pressure variations are as follows:

1. The Pressure Drawdown Gradient Effect

After a period of substantial drawdown, the storage field must be shut-in 

for a period of' 7 to 15 days to allow sufficient time for a substantial 

pressure equalization between wells and for removal of most of the pressure 

drawdown gradient set up during production from the wells.

2. Gas Migration Effect

During the course of the heating season, the cavern is maintained at a 

high cavern pressure to insure deliverability for possible peak day 

demand. During this period, high pressure gas migrates into various 

formations surrounding the cavern. As the cavern is drawndown to a low 

pressure and shut-in, some of this high pressure gas migrates back into 

the cavern and eventually stabilized with the cavern pressure. From 

actual data the time period involved in this stabilization has been shown 

to be approximately 120 to 150 days.

3. Water Level Effects

During the course of a shut-in period, the water levels in the cavern 

will rise and fall to various levels. The total water level increase 

or decrease observed during this shut-in period corresponds to a pressure 

change in the cavern which must be attributed to water level movement and 

not gas migration or the drawdown gradient.

Taking into account all of these pressure variations, an appropriate pressure- 

volume relationship can be derived. This derivation is based on the same principles 

as those used in the calculation of the drawdown rate. However, the difference is 

that stabilized cavern pressures are now used. (See Appendix II.)

From Appendix I it was found that the drawdown rate associated with the Leyden 

Gas Storage facility was 8.4667 MzCF/psig. Therefore, during the 1980-81 heating 

season, with a cavern pressure of 250 psig, a working volume of 1608 M2CF and a 

drawdown rate of 8.4667 M2CF/psig can be expected. This is a smaller drawdown rate 

than was derived for the 1979-80 heating season (8.9447 M2CF/psig; working volume 

= 1699 M2CF). However, it should be noted that this drawdown rate does not remain 

constant. This is due to such variables as permeability, porosity, presence of 

connate water and surrounding formation thickness.

PSC 039727
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1. The Pressure Drawdown Gradient Effect 
After a period of substantial drawdo\·m, the storage field must be shut-in 

for a period oF 7 to 15 days to allow sufficient time for a substantial 
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as those used in the calculation of the drawdown rate. However, the difference is 

that stabilized cavern pressures are now used. (See Appendix II.) 

From Appendix I it was found that the drawdown rate associated with the Leyden 
Gas Storage facility was 8.4667 M2CF/psig. Therefore, during the 1980-81 heating 

season, with a cavern pressure of 250 psig, a working volume of 1608 M2 CF and a 
drawdown rate of 8.4667 M2 CF/psig can be expected. This is a smaller drawdown rate 
than was derived for the 1979-80 heating season (8.9447 M2CF/psig; working volume 
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From Appendix II it was found that the pressure-volume relationship for the 

Leyden Gas Storage facility was 11.6258 M2CF/psig. However, since this pressure- 

volume relationship was derived from actual stabilized cavern pressures, an actual 

stabilized cavern pressure must be known before the pressure-volume calculation 

can be done.

However, there are certain periods during the normal heating season when the 

cavern cannot be shut-in to allow for pressure stabilization. For that reason the 

need exists to develop an equation (based on past years' data) which can accurately 

predict a final stabilized cavern pressure, given any daily cavern pressure. Once 

this is known, then the amount of gas in storage can be easily calculated. (See 

Appendix III.)

From Appendix III it was found that for initial shut-in pressures below 215 

psig the cavern pressure increases with time. Theoretically, this signifies the 

migration of high pressure gas from the surrounding formations back into the cavern.

For shut-in pressures of 237 psig or more, the cavern pressure decreases with time.

This signifies the migration of high pressure cavern gas back into .the surrounding 

formations. It has been assumed that when high pressure gas migrates into the 

surrounding formations and later migrates•back into a low pressure cavern, some of 

this gas is left behind and eventually is lost. If the cavern pressure can be 

maintained at a null point (226 psig), then theoretically this indicates a 

stabilization point where no gas is lost or returned from the surrounding formations. 

This then will reduce the annual amount of L and U gas occurring from gas migration 

and will also protect the integrity of the reservoir. In actuality, maintaining a 

cavern pressure of 226 psig allows the L and U gas to be minimized and the cavern 

pressure or working volume to be maximized. However, maintaining a cavern pressure 

of 226 psig during the heating season versus 250 psig means a loss in available working 

volume of approximately 205 MMCF.

It is recommended that an experimental period be chosen (preferably during a 

summer shut-in period when no well rework or maintenance is scheduled) when the cavern 

pressure can be held at 226 psig. This will allow for determination of actual dollar 

savings available in reduced L and U expense.and time for further information to be 

gathered concerning the supply and demand situation for PSCo.'s future natural gas 

sales. If gas supplies are great enough to allow for a reduction in Leyden working 

volume and the experimental program indicates a substantial saving in L and U expenses, 

then it will be recommended that the maximum cavern pressure for the Leyden Gas 

Storage facility be changed from 250 psig to 226 psig.

PSC 039728
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From Appendix II it was found that the pressure-volume relationship for the 
leyden Gas Storage facility was 11.6258 M2 CF/psig. However, since this pressure­
volume relationship was derived from actual stabilized cavern pressures, an actual 
stabilized cavern pressure must be known before the pressure-volume calculation 
can be done. 

However, there are certain periods during the normal heating season when the 
cavern cannot be shut-in to allow for pressure stabilization. For that reason the 
need exists to develop an equation (based on past years' data) which can accurately 
predict a final stabilized cavern pressure, given any daily cavern pressure. Once 
this is known, then the amount of gas in storage can be easily calculated. (See 
Appendix III.) 

From Appendix III it was found that for initial shut-in pressures below 215 
psig the cavern pressure increases with time. Theoretically, this signifies the 
migration of high pressure gas from the surrounding formations back into the cavern. 
For shut-in pressures of 237 psig or more, the cavern pressure deer.eases with time. 
This signifies t~e migration of high pressure cavern gas back into .the surrounding 

; : 

formations. It has been assumed that when high pressure gas migrates into the 
surrounding formations and later migrates-back into a low pressure cavern, some of 
this gas is left behind and eventually is lost. If the cavern pressure can be 
maintained at a null point {226 psig), then theoretically this indicates a 
stabilization point where no gas is lost or returned from the surrounding formations. 
This then will reduce the annual amount of Land U gas occurring from gas migration 
and will also protect the integrity of the reservoir. In actuality, maintaining a 
cavern pressure of 226 psig allows the Land U gas to be minimized and the cavern 
pressure or working volume to be maximized. However, mairitaining a cavern pressure 
of 226 psig during the heating season versus 250 psig means a loss in available working 
volume of approximately 205 MMCF. 

It is recommended that an experimental period be chosen (preferably during a 
summer shut-in period when no v,ell rework or maintenance is scheduled) when the cavern 
pressure can be held at 226 psig. This will allow for determination of actual dollar 
savings available in reduced Land U expense.and time for further information to be 
gathered concerning the supply and demand situation for PSCo. 's future natural gas 
sales. If gas supplies are great enough to allow for a reduction in Leyden working 
volume and the experimental program indicates a substantial saving in Land U expenses, 
then it will be recommended that the maximum cavern pressure for the Leyden Gas 
Storage facility be changed from 250 psig to 226 psig. 
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Remaining Volume Curve 
Drawdown Rate

Data:

Pressure Base = 11.97 psi
Px = 242.8 psig shut-in pressure before drawdown (4/10/79)

P2 = 80.1 psig shut-in pressure after drawdown (5/11/79)

Q = 1333.818 (M2CF @ 14.65) total withdrawal (4/10/79 - 5/11/79)

X = 790 ft. (well No. 16 depth)

G = 0.6530 gravity
T = 60° + 460° = 520° Rankin (average well bore temperature)

P3 = 250 psig (maximum design cavern pressure)

P4 = 60 psig (minimum design cavern pressure)

To find the bottom hole pressure using the Fowler's Simplified Method, whereas

P
A

/ 0 1 8 7 7 GX\ 
P_e' T '

D

Where:

P. = Bottom hole pressure 
A

P^ = Top hole pressure

G = Gravity 

e = 2.71828

X = Well depth (feet)

(.01877 GX \
eK t ' is bottom hole correction factor

f (.'1 87 7)(. 6 5 3)(79 0)\
520 '

.01862
= e = 1.0188

PA = 242.8 (1.0188)
Ai

= 247.36 Bottom hole corrected

PA = 80.1 (1.0188)
a2

= 81.61 Bottom hoi e corrected

PA = 250.0 (1.0188)
A3

= 254.70 Bottom hole corrected

PA = 60.0 (1.0188)
A

= 61.13 Bottom hole corrected
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Data: 
Pressure Base = 11.97 psi 

Remaining Volume Curve 
Drawdown Rate 

P1 = 242.8 psig shut-in pressure before drawdown (4/10/79) 

P2 = 80.l psig shut-in pressure after drawdown (5/11/79) 

QT = 1333.818 (M 2 CF@ 14.65) total withdrawal (4/10/79 - 5/11/79) 

X = 790 ft. (well No. 16 depth) 

G = 0.6530 gravity 

T = 60° + 460° = 520° Rankin (average well bore temperature) 

P3 = 250 psig (maximum design cavern pressure) 

P4 = 60 ·psig (minimum design cavern pressure) 

To find the bottom hole pressure using the Fowler's Simplified Method, whereas 

' Where: 

PA = Bottom hole pressure 

PB = Top hole pressure 

G = Gravity 

e = 2. 71828 

X = Well depth (feet) 

( 01a11 GX) 
e • T is bottom hole correction factor 

( (.·1877)(.653)(790)) .01862 

e 520 = e = l .0188 

PA1 = 242.8 ( l . 0188) = 247.36 Bottom hole corrected 

p A2 = 80. l ( l . 0188) = 81. 61 Bottom hole corrected 

p A3 = 250.0 ( l . 0188) = 254.70 Bottom hole corrected 

PA4 = 60.0 ( l. 0188) = 61. 13 Bottom hole corrected 
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i iRemaining Volume Curve - Pi sure-Volume Calculations - P^e 2

Correction for Supercompressibility

2 = '/(Fpv)2

Pi = 247.36 F(PV) = 1.02003 2 = .9611

p2 = 81.61 F(PV) = 1.00653 2 = .9871

Pb = 254.70 F(PV) = 1.0206 2 = .9601

P« = 61.13 F(PV) = 1.0047 2 = .9907

PSIA/2 Calcul ations (Bottom Hole Corrected)

1. 247.36 + 11.97 = 269.83
.9611

2. 81.61 + 11.97 = 94.80.9871-.

3. 254:7 + 11.97 = 277.75.9601

4. 61.1 + 11.97 
. 9907 = 73.75

The theoretical pressure volume curve was constructed by using the theoretical 

pressure decline curve. The curve is plotted as gas volume in the cavern versus P/2, 

where P is the bottom hole pressure (PSIA) and 2 is the compressibility factor. The 

theoretical pressure decline curve is a straight line equation in the form

Y = Mx + b

Where:

b is the intercept and equals zero (0) 

M is the slope defined by

M = —Where: AY is the change in.pressure for the drawdown period.

Ax is the change in volume (M2CF) for the drawdown period.
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~emaining Volume Curve - P( 
I 

sure-Volume Calculations - ~~~e 2 

Correction for Supercompressibility 

t = l / ( F PV) 2 

P1 = 247.36 F(PV) = l.02003 t = .9611 

P2 = 81. 61 F(PV) = l. 00653 t = . 9871 

p3 = 254.70 F(PV) = l. 0206 l = . 9601 

p4 = 61 . 13 F(PV) = l. 0047 l = .9907 

PSIA/l Calculations (Bottom Hole Corrected) 

l. 247 .36 + 11.97 = 269.83 . 9611 

2. 81 . 61 + 11 . 97 = . 94. 80 . 9871 , 

3. 254; 7 + 11. 97 = 277. 75 .9601 

4. 61. 1 + 11. 97 = 73.75 .9907 

The theoretical pressure volume curve was constructed by using the theoretical 
pressure decline curve. The curve is plotted as gas volume in the cavern versus P/l, 

where Pis the bottom hole pressure (PSIA) and tis the compressibility factor. The 
theoretical pressure decline curve is a straight line equation .in the form 

Y = Mx + b 

Where: 

bis the intercept and equals zero (0) 
Mis the slope defined by 

6.Y M =---;;_:;;:- l✓ here: 6Y is the change in.pressure for the drawdown period. 
6X is the change in volume (M 2 CF) for the drawdown period. 
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■Remaining Volume Curve - P\ sure-Volume Calculations - Fv 2 3

M = 269.83 - 94.80 
1333.818 0.13122

or = 7.6206

M(x) or X = -(Y)

Therefore:
X = 7.6206(Y)

Solving for X at the four (4) bottom hole pressures gives

Xj = 269.83 (7.6206) 

X2 = 94.80 (7.6206) 

X3 = 277.75 (7.6206) 

X4 = 73.75 (7.6206)

2056.266 M2CF 

722.433 M2CF 

2116.622 M2CF 

562.019 M2CF

PS IG/Z Top Hole -

The stored volume is defined as X3 which is equal to 2116.622 MZCF @ 250 psig.

Therefore:
M _ AY • 250-0
M AX 2116.622 M2CF

or -pj- = 8.4667

Therfore: X = 8.4667(Y)

0.11811

Xi = 250 (8.4667) = 2116.622 M2CF

X2 = 60.0 (8.4667) = 508.002 M2CF

Then the working volume is Xi - X2

2116.622 - 508.002 

1608.620 M2CF

Therefore, for 190 pounds of working pressure (250 - 60), and a total working volume of 

1,608.493 M2CF, expect to have an 8.4667 M2CF/psi drawdown rate.
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Remaining Vo 1 ume Curve - P\, sure-Vo 1 ume Ca lcul ati ons - p; 2 3 

M = 
269.83 94.80 

1333.818 = 0. 13122 

or 1 M = 7.6206 

Y = M(x) or X 

Therefore: 
X = 

= _l_(Y) 
M 

7.6206(Y) 

Solving for X at the four (4) bottom hole pressures gives 

X1 = 269.83 (7.6206) = 2056.266 M2CF 

X2 = 94.80 (7.6206) = 722.433 M2CF 

X3 = 277. 75 (7.6206) = 2116.622 M2 CF 

X1t = 73.75 (7.6206) = 562.019 M2CF 

PSIGO _Top Hole · 

The stored volume is defined as X3 which is equal to 2116.622 M2 CF@ 250 psig. 

Therefore: 
M b.Y . = 250 - 0 = 0.11811 = 2116.622 M2CF b.X 

1 8.4667 or M = 

Therfore: X = 8.4667(Y) 

X1 = 250 ( 8. 4667) = 2116.622 M2 CF 

X2 = 60.0 (8.4667) = 508.002 M2 CF 

Then the working volume is = X1 - X2 

= 2116.622 - 508.002 

= 1608. 620 M2 CF 

Therefore, for 190 pounds of working pressure (250 - 60), and a total working volume of 

1,608.493 M2 CF, expect to have an 8.4667 M2 CF/psi drawdown rate. 
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A. Four variables must be known before a pressure-volume relationship can be derived.

They are as follows:

1. A beginning stabilized pressure.

2. A final stabilized pressure.

3. The pressure increase or decrease caused by water levels increasing or decreasing.

4. A known volume which was injected or withdrawn between the two stabilized 

pressures.

1. A Beginning Stabilized Pressure

On May 11, 1979 the cavern was shut-in at 80.1 psig. After 101 days the cavern 

pressure had increased to 111.7 psig. From Figure 1 it can be seen that this 

pressure was very close to stabilization.

Calculations for Determining the Pressure-Volume Pvel ationship
Associated with the Leyden Gas Underground Storage Facility

2. The Final Cavern Pressure

On March 27, 1980 the cavern was shut-in at 249.6 psig. After 113 days the 

cavern pressure had dropped to 241.4 psig. From Figure 2 it can be seen that 

the cavern pressure has not yet stabilized. By extending the curve it can be 

predicted that the cavern will eventually stabilize at approximately 241 psig.

PSC 039732
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C~lculations for Determining the Pressure-Volume Relationship 
Associated with the Leyden Gas Underground Storage Facility 

A. Four variables mus~ be known before a pressure-volume relationship can be derived. 

Vl 
0. ......, 

QJ 
S-

They are as follows: 

l. A beginning stabilize~ pressure. 

2. A final stabilized pressure. 

3. The pressure increase or decrease caused by water levels increasing or decreasing. 

4. A known volume which was injected or \-Jithdrawn bet\'leen the two stabilized 

pressures. 

1. A Beginning Stabilized Pressure 

110 

On May 11, 1979 the cavern was shut-in at 80.l psig. After 101 days the cavern 

pressure had increased to 111.7 psig. From Figure l it can be seen that this 

pressure was very close to stabilization. 

Figure 1 
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2. The Final Cavern Pressure 
On March 27, 1980 the cavern was shut-in at 249.6 psig. After 113 days the 

cavern pressure had dropped to 241.4 psig. From Figure 2 it can be seen that 

the cavern pressure has not yet stabilized. By extending the curve it can be 

predicted that the cavern will eventually stabilize at approximately 241 psig. 
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Calculations for Determining he Pressure-Volume Relationship \ssociated with the
Leyden Gas Underground Storage Facility -- Page 2

During the high cavern pressure shut-in period the water level measured at 

well No. 16 had dropped approximately 9 feet (from 781 feet to 790 feet). To 

convert this 9 feet of water to an appropriate pressure the following calculation 

is performed.

The specific gravity (S.G.) of water at STP is 62.2598 Jb^
ft3

Pressure change = (S.G.)(hz - hi)

Pressure change = 62.2598 lb (790' - 781') = 560.34 lb
ft3 ft2

Pressure change = 3.9 psig

Therefore, since the shut-in cavern pressure had dropped from 249.6 psig to 

241 psig, an 8.6 psig decrease, about 3.9 psig of this drop can be attributed 

to the decrease in water level. This leaves a 4.7 psig drop which can be 

attributed to high pressure gas migrating into the various low pressure formations 

surrounding the cavern. Therefore, the actual cavern gas pressure went from 

249.6 psig to 244.9 psig. Pi = 244.9 psig

Since no water level readings were taken during the low pressure shut-in period, 

it will be assumed that the pressure increase caused by the changing water level

PSC 039733

c~)culations for Determinin( he Pressure-Volume Relationsh{ ~ssociated with the 
Leyden Gas Underground Storiye Facility -- Page 2 
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3. Pressure Effects Caused by Varying Water Levels 

During the high cavern pressure shut-in period the water level measured at 

well No. 16 had dropped approximately 9 feet (from 781 feet to 790 feet). To 

convert this 9 feet of water to an appropriat_e pressure the following calculation 

is performed. 

The specific gravity (S.G.) of water at STP is 62.2598 lb 
ft 3 

Pressure change = (S.G.)(h2 - h1) 

Pressure change = 62.2598 lb (790 1 - 781 I ) = 560.34 lb 
ft 3 ft 2 

Pressure change= 3.9 psig 

Therefore, since the shut-in cavern pressure had dropped from 249.6 psig to 

241 psig, an 8.6 psig decrease, about 3.9 psig of this drop can be attributed 

to the decrease in water level. This leaves a 4.7 psig drop which can be 

attributed to high pressure gas migrating into the various low pressure formations 

surrounding the cavern. Therefore, the actual cavern gas pressure went from 

249.6 psig to 244.9 psig. P1 = 244.9 psig 

Since no water level readings v1ere taken during the low pressure shut-in period, 

it will be assumed that the pressure increase caused by the changing water level 
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Calculations for Determining he Pressure-Volume Relationsht Associated with the
Leyden Gas Underground Storage Facility -- Page 3

will be equal to 3.9 psig. Therefore, during the low pressure shut-in period 

the actual cavern gas pressure went from 80.1 psig to 107.8 psig.

P2 = 107.8 psig

4. Volume

The net .injection of gas from May 11 , 1979 to July 13, 1980 was 1 ,550,302 MCF 

at 14.65 psia.

B. Calculations of Pressure-Volume Relationship 

Data:

Pressure Base =11.97

Pi = 244.9 psig final stabilized cavern pressure 

P2 = 107.8 psig beginning stabilized cavern pressure

Qt = 1,550.302 (M2CF 0 14.65) total injection (May 11, 1979 -+ July 17, 1980)

X = 790 ft (well No. 16 depth)

G = 0.6530 gravity
T = 60° + 460° = 520° Rankin (average well bore temperature)

P3 = 250 psig (maximum design cavern pressure) - 

P4 = 60 psig (minimum design cavern pressure)

To find the bottom hole pressure using Fowler's Simplified Method, whereas:

n _ p p(»0 1 877 Gx)

A B T

Where:

. P„ = Bottom hole pressure 

P_ = Top hole pressure
B

G = Gravity 

X = Well depth (feet)

e(-01877 .js the b0tt:om hole correction factor

p(•01877(-653o)(79o))

520 = e
•01862 1.0188

Therefore, correcting the pressures gives

P. = 244.9(1.0188) = 249.50 Bottom hole corrected
Ai

P. = 107.8(1.0188) = 109.83 Bottom hole corrected

A3

107.8(1.0188) = 109.83 Bottom hole corrected 

250.0(1.0188) = 254.70 Bottom hole corrected 

60.0(1.0188) = 61.1 Bottom hole corrected
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C~lculations for Determininl he Pressure-Volume Relationsh1 Associated with the 
Leyden Gas Underground Storage Facility Page 3 

will be equal to 3.9 psig. Therefore, during the low pressure shut-in period 
the actual cavern gas pressure went from 80.1 psig to 107.8 psig. 

P2 = 107.8 psig 

4. Volume 
The net.injection of gas from May 11, 1979 to July 13, 1980 was 1,550,302 MCF 

at 14.65 psia. 

B. Calculations of Pressure-Volume Relationship 

Data: 
Pressure Base= 11.97 

P1 = 244.9 psig final stabilized cavern pressure 

P2 = 107.8 psig beginning stabilized cavern pressure 
Q

1 
= 1,550.302 (M2CF@ 14.65) total injection (May 11, 1979 ➔ July 17, 1980) 

X = 790 ft (well No. 16 depth) 

G = 0.6530 gravity 
T = 60° + 460° = 520° Rankin (average well bore temperature) 

. . . 

P3 = 250 psig (maximum design cavern pressure) 
P4 = 60 psig (minimum design cavern pressure)· 

To find the bottom hole pressure using Fowler's Simplified Method, whereas: 

p = p e (~ o 1a11 Gx) 
A B T 

Where: 

.PA= Bottom hole pressure 

PB= Top hole pressure 

G = Gravity 

X = Well depth (feet) 

e(· 01877 Grx) is the bottom hole correction factor 

l . 0188 

Therefore, correcting the pressures gives 
PA

1 
= 244.9(1 .0188) = 249.50 Bottom hole corrected 

PA2 = l O 7. 8 ( l . 0 l 88) = 109.83 Bottom hole corrected 

p A3 = 250.0(1.0188) = 254.70 Bottom hole corrected 

p 
A4 

= 60.0(1.0188) = 61 .l Bottom hole corrected 
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Calculations for Determining'' he Pressure-Volume Relationship associated with the
Leyden Gas Underground Storage Facility -- Page 4

Corrections for Supercompressibility

Z = ^F(PV) 2

Pi = 249.5 F(PV) = 1.02019 Z = .9608

p2 = 109.83 F(PV) = 1.00886 z - .9825

p3 = 254.70 F(PV) = 1.0206 z - .9600

p« = 61.1 F(PV) = 1.0047 z = .9907

PSIA/Z Calculations (Bottom Hole Corrected)

1. 249.50 + 11.97 = 272.138
.9608

2. 109.83 + 11.97 = 123.967
.9825

3.: 254.70 +.11.97 = 277.781.9600

4. 61.1 + 11.97 = 73.756.9907

The pressure (PSIA/Z) - volume curve is assumed to be a straight line relationship 

due to the assumption of constant well bore temperature.

Y = MX + b

Where:

b is the intercept and equals zero (0).

M is the slope defined by 

M = ay Where AY is the change in cavern pressure 

Ax is the change in volume in M2CF

M = 272.138 - 123.969 
1 ,550.302 MZCF

or 1 = 10.4631
M

Therefore X = 10.4631(y)

0.095574
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C~lculations for Determinini ~e Pressure-Volume Relationshi ,ssociated with the 
Leyden Gas Underground Stora-ge Facility Page 4 · 

Corrections for Supercompressibility 

t. = l / ( F (PV) )2 

P1 = 249.5 F(PV) = l . 02019 t. = .9608 

P2 = 109.83 F(PV) = l. 00886 t. = .9825 

P3 = 254.70 F(PV) = l . 0206 t. = .9600 

Pi; = 61.1 F(PV) = l. 0047 t. = .9907 

PSIA/t. Calculations (Bottom Hole Corrected) 

l. 249.50 + ll.97 = 272.138 .9608 

2. 109. 83 + 11. 9 7 = 123.967 .9825 

3.: 254.70 +. 11.97 = 277. 781 .9600 

4. 61. 1 + 11. 97 = 73.756 .9907 

The pressure (PSIA/l) volume curve is assumed to be a straight line relationship 

due to the assumption of constant well bore temperature. 

Y = MX + b 

Where: 
bis the intercept and equals zero (0). 

Mis the slope defined by 
M = t:,.y 

b.X 
vJhere /J.Y is the change in cavern pressure 

/J.X is the change in volume in M2 CF 

M = 272.138 - 123.969 = 0_095574 1,550,302 WCF 

or l = 10.4631 
M 

Therefore X = l0.463l(Y) 
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Calculations for Determining' 'he Pressure-Volume Relationshi Associated with the
Leyden Gas Underground Storaye Facility — Page 5

Solving for X at the four bottom hole pressures 

Xi = 272.138(10.4631) = 2,847.407 M2CF

X2 = 123.967(10.4631) = 1,297.100 M2CF

X3 = 277.781(10.4631) = 2,906.450 M2CF

X, = 73.756(10.4631) = 771.716 M2CF

Then the working volume is defined as X3 - X*

X3 - X* = 2,906.450 - 771.716 = 2,134.734 M2CF

PSIG/Z Top Hole

The stored volume is as stated 2,906.450 M2CF 0 250 psig and the intercept is 

zero (0).

Therefore:
M = AY = 250 - 0

AX 2,906.450

0r -J- = 11.6258

0.086016

Therefore: X = 11.6258Y

Xi = 250(11.6258) = 2,906.450 M2CF 

X2 - 60(11.6258) = 697.548 M2CF

Then the working volume is X3 - X2

= 2,906.450 - 697.548

= 2,208.902 M2CF

These volumes are based on stabilized cavern pressures which were achieved after 

approximately 200 days of shut-in time. Therefore, this pressure-volume relation­

ship (11.6258 M2CF/psig) cannot be used as the actual drawdown rate needed for 

operating purposes. However, if this pressure volume relationship is used in 

conjunction with a stabilized cavern pressure, then the amount of gas in storage 

can be accurately determined for accounting purposes.
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Solving for_X at the four bottom hole pressures 

X1 = 272.138(10.4631) = 2,847.407 M2 CF 

X2 = 123.967(10.4631) = 1,297.100 M2 CF 

X3 = 277. 781 ( l O. ~631 ) = 2,906.450 M2 CF 

x" = 73.756(10.4631) = 771. 716 W'CF 

Then the working volume is defined as X3 - X" 

X3 - X4 = 2,906.450 - 771.716 = 2,134.734 M2 CF 

PSIG/t Top Hole 

The stored volume is as stated 2,906.450 M2 CF@ 250 psig and the inter~pt is 
zero ( 0). 

Therefore: 
6Y 250 - 0 

M - 6X = 2,906.450 = 0.086016 

or l M = 11.6258 

Therefore: X = 11. 6258Y 

X1 = 25Q(ll.6258) 
X2 = 60(11.6258) 

= 2,906.450 M2CF 
= 697.548 M2 CF 

Then the working volume is X1 - X2 

= 2,906.450 - 697.548 
= 2,208.902 M2 CF 

These volumes are based on stabilized cavern pressures which were achieved after 
approximately 200 days of shut-in ~ime. Therefore, this pressure-volume relation­
ship (ll.6258 M2 CF/psig) cannot be used as the actual drawdown rate needed for 
operating purposes. However, if this pressure volume relationship is used in 
conjunction with a stabilized cavern pressure, then the amount of gas in storage 
can be accurately determined for accounting purposes. 
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Calculations for Determining a Stabilized Cavern Pressure

To determine the amount of gas in storage the equation X = 11.6258Y is used, 

where X equals the amount of gas in storage in M2CF @ 14.65 and Y equals the 

stabilized cavern pressure. Therefore, in order to accurately calculate the amount 

of gas in storage, the cavern must be shut-in and the pressure allowed to stabilize. 

However, there are certain times during the normal heating season when the cavern 

cannot be shut-in to allow for pressure stabilization. For that reason the need 

exists to develop an equation which can accurately predict the final stabilized 

cavern pressure, given any daily cavern pressure. Once this is known, then the amount 

of gas in storage can easily be calculated for any day of the year.

From previous years' data it has been found that the pressure in the cavern 

during shut-in periods either rises or falls, depending on the initial shut-in 

pressure. At a high initial shut-in pressure the cavern pressure decreases to a 

lower stabilized pressure, and at a low initial shut-in pressure the cavern pressure 

increases to a higher stabilized pressure. Table I shows some previous years' initial 

shut-in pressures, the final stabilized pressures and the time duration involved between 

initial and final pressures.

TABLE I

Date
Initial Shut-In 

Pressure Days Elapsed
. Final Stabilized 
Shut-In Pressure

1972 106.2 psig 117 Days 132.5 psig

1973 161.5 psig 123 Days 174.7 psig

1974 87.7 psig 107 Days 120.0 psig

1975 '93.3 psig 91 days 123.7 psig

1976 87.8 psig 86 Days 110.2 psig

1977 77.5 psig 102 Days 113.9 psig

1978 92.4 psig 130 Days 122.0 psig

1979 80.1 psig 101 Days 111.7 psig

1980 249.6 psig 113 Days 241.3 psig

Figures I and II show the actual daily cavern pressure for two different shut-in

periods. From these graphs it can be seen that the actual curve on which the pressure

follows during the shut-in period is similar to the curve generated by a exponential 

equation.
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Calculations for Determining a Stabilized Cavern Pressure 

To determine the amount of gas in storage the equation X = ll.6258Y is used, 
where X equals the amount of gas in storage in M2 CF@ 14.65 and Y equals the 
stabilized cavern pressure. Therefore, in order to accurately calculate the amount 
of gas in storage, the cavern must be shut-in and the pressure allowed to stabilize. 
However, there are certain times during the normal heating season when the cavern 
cannot be shut-in to allow for pressure stabilization. For that reason the need 
exists to develop an equation which can accurately predict the final stabilized 
cavern pressure, given any daily cavern pressur~. Once this is known, then the amount 
of gas in storage can easily be calculated for any day of the year. 

From previous years' data it has been found that the pressure in the cavern 
during shut-in periods either rises or falls, depending on the initial shut-in 
pressure. At a high initial shut-in pressure the cavern pressure decreases to a 
lower stabilized pressure, and at a low initial shut-in pressure the cavern pressure 
increases to a higher stabilized pressure. Table I shows some previous years 1 initial 
shut-in pressures, the final stabilized pressures and the time duration ·involved betvieen 

:. . : 

initial and fin.al pressures. 

TABLE I 

Initial Shut-In . Final Stabilized 
Date Pressure Days Ela~sed Shut-In Pressure 
1972 106.2 psig 117 Days 132. 5 psig 
1973 161. 5 psig 123 Days 174.7 psig 
1974 87.7 psig 107 Days 120. 0 psig 
1975 · 93. 3 psig 91 days 123. 7 psig 
1976 87.8 psig 86 Days 110.2 psig 
1977 77 .5 psig 102 Days 113.9 psig 
1978 92.4 psig 130 Days 122. 0 psig 
1979 80.1 psig 101 Days 111. 7 psig 
1980 249.6 psi g 113 Days 241.3 psig 

Figures I and II show the actual daily cavern pressure for two different shut-in 
periods. From these graphs it can be seen that the actual curve on which the pressure 
follows during the shut-in period is similar to the curve generated by a exponential 
equation. 
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If it is assumed that all past years' shut-in pressures followed along the same 

similar type of exponential curve as those periods shown in Figures I and II, then an 

appropriate graphical solution can be derived. Plotting the initial shut-in pressures, 

final shut-in pressures and days elapsed between pressures for each year shown in Table 

I, an appropriate curve can be drawn from each year's data.

1 Calculations for Determinf a Stabilized Cavern Pressure! Page 3

As can be seen in Figure III, the exponential shape changes depending on the 

initial shut-in pressure. This is to be expected. As the initial shut-in pressure 

becomes higher, the harder it becomes for high pressure gas to migrate back into the 

cavern and, therefore, creating a smaller difference between the initial and final 

shut-in pressures.

Plotting these curves on Log-Log paper generates a straight line for each shut- 

in period. From Figure IV it can be seen that these lines vary in slope and intercept 

depending on the initial shut-in pressures.
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'Calculations for Determinf a Stabilized Cavern Pressure ( Page 3 

If it is assumed that all past years' shut-in pressures followed along the sane 
similar type of exponential curve as those periods shown in Figures I and II, then an 
appropriate graphical solution can be derived. Plotting the initial shut-in pressures, 
final shut-in pressures and d~ys elapsed between pressures for e~ch year shown in Table 
I, an appropriate curve can be drawn from each year's data. 
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As can be seen in Figure III, the exponential shape changes depending on the 
initial shut-in pressure. This is to be expected. As the initial shut-in pressure 
becomes higher, the harder it becomes for high pressure gas to migrate back into the 
cavern and, therefore, creating a smaller difference between the initial and final 
shut-in pressures. 

Plotting these curves on Log-Log paper generates a straight line for each shut­
in period. From Figure IV it can be seen that these lines vary in slope and intercept 
depending on the initial shut-in pressures. 
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Figure IV

Calculations for Determini; a Stabilized Cavern Pressure ! Page 4

Time Elapsed (Days)

NThe equation which describes these lines is of the form Y = CX .

Where:

Y = The final cavern pressure 

C = The initial cavern pressure 

X = The number of shut-in days 

N = The slope of the line

From Figure IV it was found that "C" and "N" vary depending on the initial 

shut-in pressure. However, "C" will always be equal to the initial shut-in pressure 

which will always be a known quantity. If the slope of each line is plotted against 

the initial shut-in pressure, it also appears as a straight line on Log-Log paper. 

(See Figure V.)
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The equation which describes these lines is of the form 

Where : 
y = The final cavern pressure 

C = The initial cavern pressure 

X = The number of shut-in days 

N = The slope of the line 

From Figure IV it was found that 11 C11 and 11 N11 vary depending on the initial 
shut-in pressure . However, 11 C11 \'Ii 11 al ways be equal to the initial shut-in pressure 
which will always be a known quantity. If the slope of each line is plotted against 
the initial shut-in pressure , it also appears as a straight line on Log-Log paper. 

(See Figure V.) 
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Figure V
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0.05

Initial Shut-in Pressure (psig)

Therefore, the equation which best predicts the value of "N", 

shut-in pressure, is:

given the initial

N = 410 (Pi)'1-9722

Where:

P = The initial shut-in pressure

Plugging this value back into the initial equation for predicting the final 

stabilized cavern pressure gives

y = cx^410

Where:

C is equal to the initial shut-in pressure which can also be written 

as p .
X is equal to the number of days the cavern is shut-in and can also be 

written as t.

Y is equal to the final shut-in pressure which can also be written
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Therefore, the equation which best predicts the value of "N", given the initial 
shu t-in pressure, i s : 

Where : 

N = 410 (P_)-1. 9122 
l. 

P _ = The initial shut-in pressure 
l. 

Plugging this value back into the initial equation for predicting the final 
stabilized cavern pressure gives 

~Jhere : 

[410 (P )-1.9 122 ] v = ex i 

C is equal to the initial shut-in pressure which can also be written 
as P . • 

1 

Xis equa l to the nufilber of days the ca ern is shut-in and can also be 
written as t. 

Y is equa l to the final shut-in pressure which can also be written 
as PF . 
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This gives:

K = P. (t)
[410 (P^-1 - 3722]

However, this equation only applies to low cavern pressures which will increase 

with time. For high cavern pressures which decrease with time, the power function 

[410 (p^)—1 -9722] becomes negative due to the negative slope.

Therefore, for high cavern pressures the equation becomes

p. - ?.(trC4,°
F x

In order to clearly define the actual boundaries associated with these two 

equations, both equations are plotted in Figure VI.

From Figure VI it can be seen that both the positive slope and the negative 

slope approach zero (0) change at approximately 226 psig. Therefore, plugging 226 

psig into both equations as the Pp value and solving for both limits on (p^ at time 

equal to 150 days gives:

PSC 039742

Ol . .,.. 

Q) 
s... 
::I 
V') 

talculations for Determini( a Stabilized Cavern Pressure ( Page 6 

This gives: 

However, this equation only applies to low cavern pressures which will increase 
with time. For high cavern pressures which decrease with time, the power function 
[410 {P_)-1

-
9722

] becomes negative due to the negative slope. 
1 

Therefore, for high cavern pressures the equation becomes 

In order to clearly define the actual boundaries associated with these two 
equ~tions, both equations are plotted in Figure VI. 
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From Figure VI it can be seen that both the positive slope and the negative 
slope approach zero (0) change at approximately 226 psig. Therefore, plugging 226 
psig into both equations as the PF value and solving for both limits on (Pi) at time 
equal to 150 days gives: 
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and

226

226

psig = P1(150)+f410 

psig = P.(150)-C410

From a trial and error solution, the limits are as follows:

1. For cavern pressure of 237 psig or more, the equation for predicting the 

stabilization pressure is

Fi

2. For cavern pressure of 215 psig or less, the equation for predicting the 

stabilization pressure is

p„ - p-.ct)^410

3. For cavern pressures between 237 psig and 215 psig, the stabilized cavern 

pressure can best be determined by graphical interpolation.

To determine the accuracy of these equations, the actual stabilized cavern 

pressures, shown in Table I, are compared with the equation calculated stabilized 

cavern pressures as shown in Table II.
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226 psig 

and 

From a trial and error solution, the limits are as follows: 

l. For cavern pressure of 237 psig or more, the equation for predicting the 
stabilization pressure is 

-[4l0 (P_)-1.9722] 
P = P.(t) l 

F l 

2. For cavern pressure of 215 psig or less, the equation for predicting the 
stabilization pressure is 

+[410 (P )-1.9722] 
p = p~ ( t) i 

F l 

3. For cavern pressures between 237 psig and 215 psig, the stabilized cavern 
pressure can best be determined by graphical interpolation. 

To determine the accuracy of these equatic/n)_, the actual stabilized cavern 
pressures, shown in Table I, are campared with \he equation calculated stabilized 
cavern pressures as shown in Tabf~~iI. 
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Date
Initial Shut- 

Pressure
-In Days

Elapsed

Actual Final 
Stabi1ized 
Pressure

Calculated Final 
Stabilized 
Pressure

Percent
Error

1972 106.2 psig 117 132.5 psig 129.34 psig 2.39

1973 161.5 psig 123 174.7 psig 176.20 psig 0.85

1974 87.7 psig 107 120.0 psig 116.28 psig 3.10

1975 93.3 psig 91 123.7 psig 118.72 psig 4.02

1976 87.8 psig 86 110.2 psig 114.81 psig 4.02

1977 77.5 psig 102 113.9 psig 110.67 psig 2.80

1978 92.4 psig 130 122.0 psig 120.45 psig 1.27

1979 80.1 psig 101 111.7 psig 111.76 psig 0.06

1980 249.6 psig
-

113 241.3 psig 240.78 psig 0.21

The accuracy of these equations ranges from an average of 1.64% above to 2.38%

below the actual.

Table III shows the discrepancy involved when calculating a total volume in

storage using a given daily cavern pressure versus a calculated stabilized cavern 

pressure.
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TABLE II 

Actual Final Calculated Final 
Initial Shut-In Days Stabilized Stabilized Percent 

Date Pressure Elaesed Pressure Pressure Error 

1972 106.2 psig 117 132. 5 psig 129. 34 psig 2.39 

1973 161. 5 psig 123 174. 7 psig 176.20 psig 0.85 

1974 87.7 psig 107 120.0 psig 116. 28 psig 3.10 

1975 93.3 psig 91 123. 7 psig 118.72 psig 4.02 

1976 87.8 psig 86 110. 2 psig 114. 81 psig 4.02 

1977 77 .5 psig l 02 113. 9 psig 110. 67 psig 2.80 

1978 92.4 psig 130 122.0 psig 120.45 psig 1.27 

1979 80. l psig l 01 111.7 psig 11 l. 76 psig 0.06 

1980 249.n psig 113 241.3 psig 240.78 psig 0.21 

The accuracy of these equations ranges from an average of 1.64% above to 2.38% 

below the actual. 

Table III shows the discrepency involved when calculating a total volume in 
storage using a given daily cavern pressure versus a calculated stabilized cavern 
pressure. 
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TABLE III

Date

Actual
Cavern

Pressure

Volume @ 
11.6258 MzCF/psi 

(M2CF)

Calculated
Stabilized

Cavern Pressure 
(Using 150 Days)

Volume 0 
11.6258 M2CF/psi 

(M2CF)
Actual Volume* 

(M2CF)

Percent**
Improved

(%)

3-27-80 249.6 psig 2,901.799 240.18 psig 2,792.359 2,812.084 '454.8

2-19-80 249.9 psig 2,905.287 240.28 psig 2,793.447 2,757.223 408.7

1-28-80 201.7 psig 2,344.924 213.85 psig 2,486.177 2,540.638 259.4

11-29-79 183.6 psig 2,134.497 197.00 psig• 2,290.290 2,461.771 190.9

5-11-79 80.1 psig 931.226 115.00 psig. 1 ,337.007 1,417.312 605.3

12-31-78 167.4 psig 1 ,946.159 182.16 psig 2,117.810 2,192.205 330.7

12-3-78 183.8 psig 2,136.822 197.18 psig 2,292.439 2,527.439 166.2

9-30-78 251.2 psig 2,920.401 241.84 psig 2,811.612 2,685.735 186.4

5-1-78 92.4 psig 1,074.223 121.39 psig 1,411.259 1,514.662 426.1

2-26-78 248.8 psig 2,892.499 239.36 psig 2,782.730 2,818.775 204.5

1-17-78 228.2 psig 2,653.007 227.00 psig 2,639.056 2,675.563 -61.7

12-12-77 241.9 psig 2,812.281 236.00 psig 2,743.688 2,853.122 -267.9

12-9-77 198.5 psig 2,307.721 210.85 psig 2,451.402 2,577.896 ■ 213.6
10-24-77 248.2 psig 2,885.523 238.73 psig 2,775.507 2,785.440 1007:5

5-22-77 77.5 psig 900.999 114.01 psig' 1 ,325.456 1 ,402.056 654.0

* - Actual volumes as reported by the Accounting Department and the Summary of Gas Delivered Report.

** - Actual cavern pressure X 11.6258 M2CF/psi - Actual volume* x inn 
Calculated cavern pressure X 11.6258 MzCF/psi - Actual volume*

From Table III it can be seen that all pressure volume calculations, except for those pressures in or near 

the uncertainty zone (237 psig to 215 psig), are more accurate.

TABLE I II 

Calculated 
Actual Volume@ Stabilized Volume@ 
Cavern 11.6258 M2 CF/psi Cavern Pressure 11.6258 M2 CF/psi 

Date Pressure {M 2 CF} {Using 150 Da.z'.s} {M 2 CF} 
Actual Volume* 

{M 2 CFl 

3-27-80 249.6 psig 2,901.799 240.18 psig 
.. 

2,792.359 2,812.084 
2-19-80 249.9 psig 2,905.287 240.28 psig 2,793.447 2,757.223 
1-28-80 201 .7 psig 2,344.924 213.85 psig 2,486.177 2,540.638 
11-29-79 183.6 psig 2,134.497 197.00 psig· 2,290.290 2,461 . 771 
5-11-79 80. l psig 931.226 115. 00 psi 9. l ,337.007 1,417.312 
12-31-78 167.4 psig l , 946. 159 182. 16 psi g 2,117.810 2,192.205 

12-3-78 183.8 psig 2,136.822 197.18 psig 2,292.439 2,527.439 
9-30-78 251.2 psig 2,920.401 24 l. 84 psi g 2,811.612 2,685.735 

5-1-78 92.4 psig l ,074.223 121.39 psig 1,411.259 1,514.662 

2-26-78 248.8 psig 2,892.499 239.36 psig 2,782.730 2,818.775 

1-17-78 228.2 psig 2,653.007 227.00 psi~]' 2,639.056 2,675.563 
12-12-77 241.9 psig 2,812.281 236.00 psig 2,743.688 2,853.122 
12-9-77 198.5 psig 2,307.7-21 210.85 psig 2,451.402 2,577.896 
10-24-77 248.2 psig 2,885.523 238.73 psig 2,775.507 2,785.440 
5-22-77 77.5 psig 900.999 114.01 psig• 1,325.456 1,402.056 

* - Actual volumes as reported by the Accounting Department and the Summary of Gas Delivered Report. 

** - Actual cavern pressure X 11.6258 M2 CF/~si - Actual volume* X 100 Calculated cavern pressure X 11.6258 M CF/psi - Actual volume* 
-0 
U) 

O From Table III it can be seen that all pressure volume calcu.lations, except for those pressures in or near 
I 8 the uncertainty zone (237 psig to 215 psig), are more accurate. w 
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INTER-DEPARTfi jT MEMO - PUBLIC SERVICE COMPLY OF COLORADO

datf November 12. 1980

m Mr. Kenneth Hooker, Jr., Gas Supply Manager 

from John A. Shealy, Special Projects Engineer

ATTN_____________________________________________________________

SUBJ 1979-80 Leyden Lost and Unaccounted for Gas

Fuel Supply Development
department OR (DIVISION

Fuel Supply Development
DEPARTMENT OR DIVISION

The annual lost and unaccounted for (L & U) gas volumes for the Leyden Underground 
Storage facility have always been calculated for the time period November 1st 
through October 31st. To calculate this L & U volume, cavern pressures on the 
above dates are recorded, a pressure-volume (P-V) relationship is utilized and 
injection-withdrawal records are summarized. However, in past years the P-V 
relationship used was not a true P-V relationship, but instead a' drawdown rate.
The drawdown rate is the ratio between the amount of gas withdrawn and the corre­
sponding immediate drop in cavern pressure. A true P-V relationship is the ratio 
between the amount of gas withdrawn and the corresponding stabilized drop in cavern 
pressure. When the cavern is at a pressure (Pi) and an amount of gas is withdrawn 
(V), the cavern pressure will drop to a lower pressure (P2;. The calculated drawdown 
rate is then equal to V/(Pi - P2). However, if no activity is initiated after this 
withdrawal, the-pressure (P2) will begin to stabilize at-a substantially different 
pressure (P3). The calculated P-V relationship is then equal to V/(Pi - P3). This 
stabilization effect is caused by pressure drawdown gradient effects, gas migration 
effects and water level changes within the cavern. For the year 1980-81, the draw-- 
down rate was calculated as 8.4667 M2CF/PSIG, while the P-V relationship was 11.6258 
M2CF/PSIG. (See attached report.)

Since the P-V relationship is derived from stabilized cavern pressures, stabilized 
cavern pressures must be known before a P-V calculation can be performed. Therefore, 
to accurately calculate the annual L & U, stabilized cavern pressures must be used 
for the beginning and ending dates of the calculation period. The best stabilized 
cavern pressures are obtained at the end of the summer shut-in period, and, therefore, 
it is recommended that the annual L & U calculation be based on summer ending pressures 
versus November 1st and October 31st pressures.

Some examples of erroneous L & U calculations, based on unstable cavern pressures, 
and the accuratq L & U calculation for 1979-80 are shown below:

Example 1 -- September 12, 1979 - unstable cavern pressure = 241.8 PSIG
October 31, 1979 - unstable cavern pressure = 241.2 PSIG
Injections = 281,852 MCF
Withdrawals = 41,407 MCF

Since pressures equal like volumes, then the injections minus the 
withdrawals should be equal to the change in cavern pressure. Any difference there­
after will be written off as L & U. Howver, due to the unstability of the cavern 
pressures, the following was calculated as L & U:

Injections - withdrawals = (change in pressure)(P-V relationship) + L & U 

OR
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lNTER-DEPARTf\t JT MEMO - PUBLIC SERVICE coM/,..,..,y OF COLORADO 

OATE_~N~v~ve-ro~b~e~r_._1_2~,_J~9=8~D'---
To ___ M_r_._K_e_n_n_e_t_h_H_o_o_k_e_r~,_J_r_.~•'--G_a_s_S_u~p.p-'ly,.__M_a_n_a~g_er ____ F_u~e~l;:-:::-,:S~u~pp~l~y;:--=,D~e=v~el=o~p=m~e_n_t ___ _ 

DEPARTMENT OR DIVISION 

F ROM __ J_o_h n_A_._S_h_ea_l __ y __ ,_S .... p_ec_,_· a_l_P_r_oJ=-· e_c_t_s_En-'g=-i_n_e_e_r _____ F_u=e=l=Su='p:-ip=lc;,:y,-=-,D"""'e""'ve.,..,l=o.,.;.p=m,...e_n_t ___ _ 
DEPARTMENT OR DIVISION 

ATTN. ____________________________________ _ 

SUBJ. __ 1_9_7_9_-8_0_L_e.:.,y_d_e_n _L_o_s_t_an_d_U_n_a_c_co_u_n_t_e_d_f_o_r_G_a_s ________________ _ 

The annual lost and unaccounted for ll & U) gas volumes for the Leyden Underground 
Storage facility have alway.s been calculated for the time period November 1st 
through October 31st. To calculate this L & U volume, cavern pressures on the 
above dates are recorded, a pressure-volume (P-V) relationship is utilized and 
injection-withdrawal records are summarized. However, in past years the P-V 
relationship used was not a true P-V relationship, but instead ·a: drawdown rate. 
The drawdown rate is the ratio between the amount of gas withdrawn and the corre­
sponding immediate drop in cavern pressure. A true P-V relationship is the ratio 
between the amount of gas withdrawn and the corresponding stabilized drop in cavern 
pressure. When the cavern is at a pressure (P 1 ) and an amount of ·gas is withdrawn 
(V), the cavern pressure will drop to a lower pressure (P2J. The calculated drawdown 
rate is then equal to V/(P1 - P2). However, if no activity is initiated after this 
with~rawal, the-pressure (P 2 J will begin to stabilize at'a substantially different 
pressure (P 3 ). The calculated P-V relationship is then equal to V/(P 1 - P3 ). This 
stabilization effect is caused by pressure drawdown gradient effects, gas migration 
effects and water level changes within the cavern. For the year 1980-81, the draw-· 
down rate was calculated as 8.4667 M2 CF/PSIG, while the P-V relationship was 11.6258 
M2 CF/PSIG. (See attached report.) ' 

Since the P-V relationship is derived from stabilized cavern pressures, stabilized 
cavern pressures must be known before a P-V calculation can be performed. Therefore, 
to accurately calculate the annual L & U, stabilized cavern pressures must be used 
for the beginning and ending dates of the calculation period. The best stabilized 
cavern pressures are obtained at the end of the summer shut-in period, and, therefore, 
it is recommended that the ·annual L & U calculation be based on summer ending pressures 
versus November 1st and October 31st pressures. 

Some examples of erroneous L & U calculations, based on unstable c.avern pressures, 
and the accurat~ L & U calculation for 1979-80 are shown below: 

Example 1 September 12, 1979 - unstable cavern pressure= 241.8 PSIG 
October 31, 1979 - unstable cavern pressure= 241.2 PSIG 
Injections= 281,852 MCF 
Withdrawals= 41,407 MCF 
Since pressures equal like volumes, then the injections minus the 

withdrawals should be equal to the change in cavern pressure. Any difference there­
after will be written off as L & U. Howver, due to the unstability of the cavern 
pressures, the following was calculated as L & U: 

Injections - withdrawals= {change in pressure){P-V relationship)+ L & U 

OR 
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rPage 2

L & U = (injections - withdrawals) - (change in pressure)(P-V relationship)

L & U = (281 ,852 - 41 ,407)MCF - (241.2 - 241.8)PSIG (11 ,625.8jMCF/PSIG 

L & U = 247,420 MCF over a 49 day period •

Example 2 -- August 20, 1979 - stabilized cavern presssure = 111 .7 PSIG
October 31 , 1979 - unstabilized cavern pressure = 241.2 PSIG •'

• Injections = 1 ,376,774 MCF '
Withdrawals = 41 ,407 MCF

L & U = (injections - withdrawals) - (changes in pressure)(P-V relationship) -t v 

L & U = (1,376,777 - 41,407)MCF - (241.2 - 111.7)PSIG (11,625.8)MCF/PSIG :y 

L & U = -170,171 MCF

' 'H-l* i . V. •

It is very difficult to explain a negative L & U. However, it-does indicate that other 
sources, besides pressures and volumes, are effecting the L & U calculations-. Those 
other sources are those effects on pressure stabilization mentioned earlier (pressure 
gradient, gas migrating and changes in water levels).

L & U Calculation for 1979-80

Stabilized cavern pressure on August 20, 1979 = 111.7 PSIG 
Stabilized caverri pressure on September 14, 1980 = 239.7 PSIG

Injections from 8/20/79 + 9/14/80 = 3,266,527 MCF 
Withdrawals from 8/20/79 9/14/80 = 1,711,846 MCF

L & U = (3,266,527 - 1 ,711 ,846)MCF - (239.7 - 111.7)PSIG (11 ,625.8)MCF/PSIG 

L & U = 66,616 MCF

JASrcp
Attachment

. -7v T
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L & U = (injections - withdrawals) - (change in pressure)(P-V relationship) 
L & U = (281,852 - 41,407)MCF - (241.2 - 241.B)PSIG lll ,625.BJMCF/PSIG 
L & U = 247,420 MCF over a 49 day period· 

Example 2 -- August 20, 1979 - stabilized cavern presssure = 111.7 PSIG 
October 31, 1979 - unstabilized cavern pressure= 241.2 PSIG 

• Injections = 1,376,774 MCF 
Withdrawals= 41,407 MCF 

L & U = (injections - withdrawals) - (changes in pressure){P-V relationship) 
L & U = (1,376,777 - 41,407)MCF - (241.2 - lll.7)PSIG (11,625.B)MCF/PSIG 
L & U = -170,171 MCF 

It is very difficult to explain a negative L & U. However, it·aoes indicate that other 
sources, besides pressures and volumes, are effecting the L & U calculations~ Those 
other sources are those effects on pressure stabilization mentioned earlier (pres~~re 
gradient, gas migrating and changes in water levels). ·t:.:.:--.· 

L & U Calculation for 1979-80 
Stabilized cavern pressure on August· 20, 1979 = 111.7 PSIG 
Stabilized cavern pressure on September 14, 1980 = 239.7 PSIG 

Injections from 8/20/79 + 9/14/80 = 3,266,527 MCF 
l~i thdrawa ls from 8/20/79 +' 9/14/80 = 1,711,846 MCF 

L & U = (3,266,527 - l ,711,846)MCF - (239.7 - lll.7)PSIG (11,625.B)MCF/PSIG 
L & U = 66,616 MCF 

JAS:cp 
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TABLE IV

Actual Stabilized Calculated Total

Date
Cavern Pressure 

(PSIG)
Volume @ 11.6258 M2CF/PSIG 

(M2CF)
Actual Total 

Volume (M2CF)
Difference

(M2CF)

7/13/80 241.4 2,806,468 2,812.084 5.616

8/20/79 111 .7 1 ,298.602 . • 1,417.312 118.710

9/08/78 122.0 1,418.348 1,514.662 96.314

9/01/77 113.9 1,324.179 1 ,402.056 77.877

8/12/76 110.2 1,281 .163 1 ,328.663 47.500

7/31/75 123.7 1,438.111 1 ,521.526 83.415

8/28/74 120.0 1,395.096 1,499.386 104.290

9/01/73 174.7 2,031.027 2,094.408 63.381

9/14/72 132.5 1 ,540.419 1 ,671.014 130.595

J.A.S.
8/13/80

TABLE IV 

Actual Stabilized Calculated Total 
Cavern Pressure Volume@ 11 .6258 M2 CF/PSIG Actual Total Difference Date (PSIG) (M 2 CF) Volume (M 2CF) (M 2 CF) 

-· 7/13/80 241 .4 2,806,468 2,812. 084- 5.616 

8/20/79 111. 7 l ,298.602 1,417.312 118. 710 

9/08/78 122.0 1 ,418. 348 1,514.662 96.314 

9/01 / 77 113. 9 1,324.179 1,402.056 77 .877 

8/12/76 110.2 1,281.163 l ,328.663 47.500 

7/31/75 123.7 1,438.111 1,521.526 83.415 

8/28/74 120.0 1,395.096 l ,499.386 104.290 

9/01/73 174.7 2,031.027 2,094.408 63.381 

9/14/72 132. 5 1,540.419 1,671.014 130. 595 
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V M ..o-zj-oo.e INTE-a-DEPARTME-.. i‘ MEMO - PUBLIC SERVICE COMPAu f OF COLORADO

DATE November 12. 1980

Tr> Mr. Kenneth Hooker, Jr., Sas Supply Manager 

prdm John A. Shealy, Special Projects Engineer

Fuel Supply-Development
DEPARTMENT OR DIVISION----------

Fuel Supply Development
DEPARTMENT OR DIVISION----------

ATTN..

SUBJ.
1979-80 Leyden Lost and Unaccounted for Gas

The annual lost and unaccounted for (L & U) gas volumes for the Leyden Underground 
Storage facility have always been calculated for the time period November 1st 
through October 31st. To calculate this L & U volume, cavern pressures on the- 
above dates are recorded, a pressure-volume (P-V) relationship is utilized and 
injection-withdrawal records are summarized. . However, in past years the P-V 
relationship used was not a true P-V relationship, but instead a drawdown rate.
The drawdown rate is the ratio between the amount of•gas withdrawn and the corre­
sponding immediate drop in cavern pressure. A true P-V relationship is the ratio 
between the amount of gas withdrawn and the corresponding stabilized drop in cavern 
pressure. When the cavern is at a pressure (Pi) and an amount of gas is withdrawn 
(V), the cavern pressure will drop to a lower pressure (P2).. The calculated, drawdown 
rate is then equal to \I/(P\ - P2). However, if no activity is initiated after this 
withdrawal, the pressure (P2)'will begin to stabilize at a substantially different 
pressure (P3). The calculated P-V relationship is then equal to V/1Pi - Ps)- This 
stabilization effect is caused by pressure drawdown gradient effects, gas migration 
effects and water level changes within the cavern. For the year 1980-81, the draw­
down rate was calculated as 8.4667 M2CF/PSIG, while the P-V relationship was 11.6258 
M2CF/PSIG. (See attached report.)

r

Since the P-V relationship is derived from stabilized cavern pressures, stabilized 
cavern pressures must be known before a P-V calculation can be performed. Therefore, 
to accurately calculate the annual L & U, stabilized cavern pressures must be used 
for the beginning and ending dates of the calculation period. The best stabilized 
cavern pressures are obtained at the end of the summer shut-in period, and, therefore, 
it is recommended that the annual L & U calculation be based on summer ending pressures 
versus November 1st and October 31st pressures\

Some examples of erroneous L & U calculations, based on unstable cavern pressures, 
and the accurate L & U calculation for 1979-80 are shown below:

Example"! — September 12, 1979 - unstable cavern pressure = 241.8 PSIG 
October 31, 1979 - unstable cavern pressure = 241.2 PSIG 
Injections = 281,852 MCF 
Withdrawals = 41,407 MCF

Since pressures equal like volumes, then the injections minus the 
withdrawals should be equal to the change in cavern pressure. Any difference there­
after will"be written off as L & U. However,due to the unstability of the cavern 
pressures, the following was calculated as L & U:

Injections - withdrawals = (change in pressure)(P-V relationship) + L & U 

OR
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The annual lost and unaccounted for ll & U) gas volumes for the Leyden Underground 
Storage facility have always been calculated for the time period November 1st 
through October 31st. To calculate this L & U volume, cavern pressures on the· 
above dates are recorded, a pressure-volume (P-V) relationship is utilized and 
injection-withdrawal records are summarized •. However, in past years the P-V 
relations'Mp used was not a true P-V relationship, but instead ·a drawdown rate. 
The drawdown rate is the ratio between the amount of.gas withdrawn and the corre­
sponding immediate drop in cavern pressure. A true P-V relationship is the ratio 
between the amount of gas withdrawn and the corresponding stabilized drop in cavern 
pressure. When the cavern· is at a p.ressure (Pi) and an amo.unt of gas is withdrawn 
lV), the cavern pressure will drop to a lower pressure (P 2J •. The calculated. drawdown 
rate is then equal to V/(P1 - P2). However, if no activity is initiated after this 
withdrawal, the pressure (P2)'wil1.begin to stabilize at a substantially different 
pressure (P 3 ). The calculated P-V relationship is then equal to V/(P 1 - P3 }. This 
stabilization effect is caused by pressure drawdown gradient effects, gas migration 
effects and water level changes within the cavern. For the year 1980-81, the draw­
down rate was ca)culated as 8.4667 M2CF/PSIG, while the P-V relationship was 11.6258 
M2CF/PSIG. (See atta~hed report.) 

Since the P-V rela"tionship is derived from stabilized cavern pressures, stabilized 
cavern pressures must be known before a P-V calculation can be performed. Therefore, 
to accurately calculate the annual L & U, stabilized cavern press~res ·must be used 

_ for the beginning and ending dates·of the calculation period. The best stabilized 
'· jj cavern pressures are obtained at the end of the summer shut-in period, and, therefore, 
:·'.
1 
:,f' it is recommended that the annual L & U calculation be based on summer ending pressures 

/~,,;I , versus November 1st and October 31st pressures\ 

Some examples of erroneous L & U calculations, based on unstable cavern pressu·res, 
and the accurate L & U calculation for 1979-80 are shown below: 

Example·-- 1 September 12, 1979 - unstable cavern pressure= 241.8 PSIG 
October 31, 1979 - unstable cavern pressure= 241.2 PSIG 
Injections= 281,852 MCF 
Withdrawals= 41,407 MCF 

Since pressures equal like volumes, then the injections minus the 
withdrawals should be equal to the change in cavern pressure. Any difference there­
after win·· be written off as L & U. However-, due to the unstabil i ty of the cavern 
pressures, the following was calculated as L & U: 

Injections - withdrawals= (change in pressure)(P-V relationship)+ L & U 

OR 
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Jr.

L & U (injections - withdrawals) - (change in pressure)(P-V relationshi 

L S U = (281,852 - 41.407)MCF - (241.2 - 241.8JPSIG (11,625.8)MCF/PSIG 

L & U = 247,420 MCF over a 49 day period

P)

Example 2 — August 20, 1979 - stabilized cavern presssure = 1.11..7 PSIG
coDer 31, 1979 - unstabilized cavern pressure = 241.2 PSIG 

Injections = 1,376,774 MCF 
Withdrawals = 41,407 MCF

L & U = (injections-- withdrawals) - (changes in pressure)(P-V relationship) 

L & U = (1,376,777 - 41,407)MCF - (241.2 - 111.7)PSIG (11,625.8)MCF/PSIG 

L & U = -170,171 MCF.-

cn,.^0certLd^w'|ri"CUlt t0 explain 3 negative L & U. However, it-does indicate that other 
sources, besides pressures and volumes, are effecting the L & U calculation-; Thnco 
other sources are those effects on-pressure stabilization mentioned eaM e^JprSure 
gradient, gas migrating and changes in water levels). earner (pressure

L & U Calculation for 1979-80

Stabilized cavern pressure on August 20, 1979 = 111.7 psig 
Stabilized cavern pressure on September 14, 1980 = 239.7= PSIG

Injections from 8/20/79 + '9/14/80 = 3,266,527 MCF 
Withdrawals from 8/20/79 -v 9/14/80 = i,711,846 MCF

L & U (3,266,527 - 1,711,846)MCF - (239.7 - 111.7)PSIG (11,625.8)MCF/PSIG 

L & U = 66,616 MCF.
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L & U = (injections - withdrawals) - {change in pressure){P-V relationship) 
L & U = (281,852 - 41,407)MCF - (241.2 - 241.B)PSIG {11 ,625.8JMCF/PSIG 
L & U = 247,420 MCF over a 49 day period 

Example 2 August 20, 1979 - stabilized cavern press sure = 1.11.. 7 PSIG October 31, 1979 - unstabilized cavern pressure= 241.2 PSIG Injections= 1,376,774 MCF 
Withdrawals= 41,407 MCF 

L & u = (injections· - withdrawals) - (changes in pressure)(P-V relationship) 
L & U = (1,376,777 - 41,407)MCF - (241.2·- 111.?)PSIG (ll,625.8)MCF/PSIG 
L & U = -170,171 MCF: 

.. . ....., ___ 

: , .. 
It is very.difficult to explain a negative·L & U. However, it.do~s indicate that ·other sources, !Jes ides pressures and volumes, ·are effecting the L & U calculations .. Those other sources are those effects on·pre~sure stabilization mentioned earlier (pressure gradient, gas migrating and changes in water levels). · · · 
L & U Calculation for 1979-80 
Stabilized cavern pressure on August 20, 1979 = 111.7 PSIG Stabilized cavern pressut~ on September lR, 1980 = 239.7= PSIG 
Injections from 8/20/79 + ·9/~4/80 = 3,266,527 MCF Withdrawals from 8/20/79 ~ 9/14/80 = ,,711,846 MCF 
L & U = (3,266,527 - l,711,846JMCF - (239.7 - lll.7)PSIG (ll,625.8)MCF/PSIG 
L & U = 66,616 MCF 
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